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HN482764G-4

HN48016P

e BIPOLAR RAM.
HM2105
HM2106
HM10414
HM10414-1
HM2110
HM2110-1
HM2110-2
HM2112
HM2112-1
HM10422
HM10470
HM10470-1
HM10474
HM100415
HM 100422
HM100422F
HM100470
HM100474
HM100474F
HM2504
HM2504-1
HM2510
HM2510-1
HM2510-2
HM2511
HM2511-1

e BIPOLAR PROM
HN25044
HN25045
HN25084
HN25085
HN25084S
HN25085S
HN25088
HN25089
HN25088S
HN25089S
HN25168S
HN25169S

e MEMORY SUPPORT

HD2912
HD2916
HD2923

= CROSS REFERENCE

8192-WORD x 8-BIT U.V. ERASABLE
& ELECTRICALLY PROM (NMOS)

2048-WORD x 8-BIT ELECTRICALLY ERASABLE
& PROM (NMOS)
256-WORD x 1-BIT RAM (ECL 10K)
256-WORD x 1-BIT RAM (ECL 10K)
256-WORD x 1-BIT RAM (ECL 10K)

1024-WORD
1024-WORD
1024-WORD

1-BIT RAM (ECL
1-BIT RAM (ECL
1-BIT RAM (ECL
1024-WORD x 1-BIT RAM (ECL
1024-WORD x 1-BIT RAM (ECL
256-WORD x 4-BIT RAM (ECL
4096-WORD x 1-BIT RAM (ECL
4096-WORD x 1-BIT RAM (ECL
1024-WORD x 4-BIT RAM (ECL 10K)
1024-WORD x 1-BIT RAM (ECL 100K)
256-WORD x 4-BIT RAM (ECL 100K)
256-WORD x 4-BIT RAM (ECL 100K)..........
4096-WORD x 1-BIT RAM (ECL 100K)
1024-WORD x 4-BIT RAM (ECL 100K)
1024-WORD x 4-BIT RAM (ECL 100K)
256-WORD x 1-BIT RAM (TTL)
256-WORD x-1-BIT RAM (TTL)
1024-WORD x 1-BIT RAM (TTL)
1024-WORD x 1-BIT RAM (TTL)
1024-WORD x 1-BIT RAM (TTL)
1024-WORD x 1-BIT RAM (TTL)
1024-WORD x 1-BIT RAM (TTL)
1024-WORD x 4-BIT PROM
1024-WORD x 4-BIT PROM
2048-WORD x 4-BIT PROM
2048-WORD x 4-BIT PROM
2048-WORD x 4-BIT PROM
2048-WORD x 4-BIT PROM
1024-WORD x 8-BIT PROM
1024-WORD x 8-BIT PROM
1024-WORD x 8-BIT PROM
1024-WORD x 8-BIT PROM
2048-WORD x 8-BIT PROM
2048-WORD x 8-BIT PROM

x 1-BIT RAM (ECL 10K).............
x 1-BIT RAM (ECL 10K).............
x 1-BIT RAM (ECL 10K). ............
x 1-BIT RAM (ECL 1UK). ...
X

X 4-BIT PROM (TTL): -+ e v veevennn

QUADRUPLE TTL-TO-MOS CLOCK DRIVERS
QUADRUPLE TTL-TO-MOS CLOCK DRIVERS
QUADRUPLE ECL-TO-TTL DRIVERS

NOTICE

The example of an applied circuit or combination with other equipment shown
herein indicates characteristics and performance of a semiconductor-applied products.
The Company shall assume no responsibility for any problem involving a patent
caused when applying the descriptions in the example.
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BCURRENT LINE OF HITACHI IC MEMORIES

o MOS Memory 3 Supplies HMATIGA-1 HMATIGA-2 HMATIEA-3
16k-bit_|—{ 163841
Single Supply |—] HMes16A-3 J—{ timasisn-« J—{ Hmesin |
64k-bit |—{ 65536 x 1 J— Hmeast-2 —{ Hmessr-3 ] nwaasin-1z ] nwassin-1s—{ amassia’)
NMOs —{ ak-bit {1024 x 4 }—{rmerziten-t—{merannen-2 }—{ werannes }—{ mezie]
4096 x 1 |—{ 1Mests ] umsunL }—{ uwor/Ls J—fmsunw —fmsim
cMos_ J—{ ak-bit
1024 x 4 J—{ Hwsas/L-3 }—{ tmassu/ F—{ wwsrears }—{ meies L5 ]
16384 x 1 |—{ HMsts7/L | Hmeter/L-s —{ meisr/L-s |
16k-bit
2048 8 |—{ HMei16/L-2 J—] wot16/L-3 |—{ mwotts/L+ J—{ nwonrs J—{ mernii)
32k-bit }—{ 4096x 8 }—] HN46332 |
NMOS
64k-bit_|—{ 8192x8 }—{ HNas364 |

Dynamic

Static

16k-bit | 2048x 8 }—{HNas2716 | ineanis-t }—{ Hmwezriez )
H Ep RoM }—{ NMos s2k-bie }—{ 4096 x 8 }—{nnasosaz}—{ wmeszes |—{ weesiel ez |—{Timisarez | wisren |

64k-bit 8192x 8

* Preliminary
Heep Romp—{ NMos |} 16k-bit }—{ 2048 x 8 }—{ Hinsso16°] * % Under development

256-bit |—{ 256x 1 |—{ HM2105 }—{ HiM2106 }—{HM10414 }—{HM10u1s-1]
1024x 1 }—{ HM2110 }—{umz110-1}—{uMz110-2}—{ HM2112 }—{HM2112-1

®Bipolar Memory

1k-bit

ECL 10k

4096 X 1

.

4k-bit

1024 X 4

1024x 1 HM 100415

RAM L lk-bit
256x 4_|—{HM100422

ECL 100k

4096 1

o 256-bit 256x1 }—{_0/c_ }—{ nmzsos |—{HMzs04-1]
TTL 0/C_ |—{ HMz510 }—{HM2510- 1}—{HM2510-2]
U tkebie 1024X 1
3-s | HM2511 }—{Hmz2s11-1]

A dk-bie | 1024x4

HN25045

2048 4

[(ProM }{ TTL | 8k-bie

1024X 8

HN251685”

16k-bit 2048X 8
HLisobie

HN251695°
* Preliminary
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BTYPICAL CHARACTERISTICS OF MOS MEMORY

®MOS RAM
Organi- | Access| Cycle | Supply Power Package**
Total zation Time Time | Voltage| Dissi- Repl
Mode X Type No. Process 5 " Page
Bit (word) (ns) (ns) pation Pin clclp|rp| ment
X bit max min (V) (W) No.
HM472114A-1 150 150 o0 46
HM472114A-2 200 200 eo| O 2114L-2 46
NMOS | 1024 x4 +5 0.2 18
HM472114-3 4 300 300 o0 2114L-3 50
HM472114-4 450 450 o |0 2114L-4 50
HM4334-3 300 460 104/20m el e HM-6514 53
HM4334-4 450 640 [ BKJ 53
HM4334-3L CMOS | 10244 300 460 s 10,/20 18 L 58
HM4334-4L 450 | 640 p/em . 58
HM6148 70 70 L] 2148 63
0.1m/0.2
HM6148-6 85 85 [ ] 2148-6 63
X
4k-bit | HM6148L CMOS | 1024 x4 70 70 +5 54/0.2 18 [ ] 69
HM6148L-6 85 85 #I . 69
HM4315 CMOS | 4096x1| 450 640 +5 10p/20m | 18 [ ] HM-6504 75
HM6147 70 70 [ BN} 2147 80
0.1m/75m
HM6147-3 55 55 el e 2147-3 80
X
HM6147L CMOS | 40961 70 70 +5 5u/5 18 [ 84
HM6147L-3 55 55 a/om ° 84
HM6147H-35* 35 35 o0 2147H-1 88
Static HM::LH-ZS' 45 45 0.1:m/0.15 o0 2147H-2 88
X +5
HM6147HL-35* CMOS | 40961 35 35 54/0.15 18 [ 4 92
HM6147HL-45* 45 45 #I- ° 92
HM6116-2 120 120 e|o | @ 96
HM6116-3 150 150 0.1m/0.18 [ BN BN 96
HM6116-4 200 200 e oo 96
HM6116L-2 CMOS | 20488 120 120 +5 2 e|o | @ 107
HM6116L-3 150 | 150 20/0.16 o[o]e 107
HM6116L-4 200 200 oo o 107
HM6117-3* 150 150 oo 125
0.1m/0.2
HM6117-4+ 200 200 eo|e 125
-bi X +5
16k-bit I e117i-ae | CMOS | 283810 10u/0.2 u °|e 135
HM6117L-4+ 200 | 200 b oo 135
HM6167 70 70 oo 2167 147
HM6167-6 85 85 25m/0.15 ‘0| @ 2167-6 147
HM6167-8 100 100 [N J 2167-8 147
HM6167L CMOS {16384 X1 70 70 +5 20 ° 150
HM6167L-6 85 85 54/0.15 [ ] 150
HM6167L-8 100 100 [ ] 150
HM4716A-1 120 320 112 o0 156
HM4716A-2 150 320 ’ ol e MK4116-2 | 156
X +5, . 1
HM4716A-3 NMOS 16384 x1 200 375 —5 0.35 6 e 0 MK4116-3 | 156
16k-bit HM4716A-4 250 410 o0 MK4116-4 | 156
s HM4816A-3 100 235 LB 2118-3 167
HM4816A-3E 105 200 [ BN } 167
5 X +5 11m/0.15 | 16
Dynamic HMag16A4 | O |16384X1 0 om0 m/ oo 2118-4 [ 167
HM4816A-7 150 320 e o 2118-7 167
HM4864-2 150 270 oo 175
0.33
HM4864-3 200 335 20m/ oo 175
64k-bit | HM4864A-12* | NMOS {65536 x1| 120 230 +5 16 LERJ 185
HM4864A-15* 150 260 20m /0.275 o @ 185
HM4864A-20* 200 330 [ BK) 185
* Preliminary AHM6116LP Series : 10 #W
*% The package codes of P, G, C, and FP are applied to the package materials as follows.
P : Plastic DIP, G : Cerdip, C ' Side-brazed Ceramic DIP, FP : Small Sized Flat Fackage.
G HITACHI 7



®MOS ROM

Organi- | Access | Supply | Power Package***
Program Tofal Type No. Process zation Time | Voltage Dis.s i- " Replacement | Page
Bit (wor.d (ns) pation | Pin cleglp
X bit max (V) (W) | No.
32k-bit | HN46332 NMOS 4096 < 8 350 0.25 | 24 L] 192
64k-bit | HN48364 8192x8| 350 0.225 | 24 ] 194
X
Mask 2ty | FINAS128 doves x| 6000 3m | 28 . 19
HN613128+ CMOS | 16384 %8 250 +s 5u/0.1 | 28 ® 198
256k-bit | HN61256 szree <1 3000 3m | 28 o 200
.| HN462716 450 0.555 oo 2716 202
16k-bit HN462716-1 NMOS | 2048x8| 350 +5 0.555 24 ° 2716-1 206
HN462716-2 390 : o 2716-2 206
HN462532 450 |0 TMS2532 210
HN462532-2 NMOS | 4096x8| 390 +5 0.858 24 ° 210
U.V.E bl HN462532L 450 0.543 (] TMS25L32 | 214
| wrasagle HN462732 450 oo 2732 217
& Electrically | 32k-bit N#62732-2 NMOS | 40968 — -— +5 | 0.788 | 24 . 17
HN482732A-20++ 200 o 2732A-2 221
HN482732A-25+¢| NMOS 4096 X8 250 +5 — | 24 o 2732A 221
HN482732A-30** 300 [ 2732A-3 221
HN482764* 250 e|e 2764 222
64k-bit | HN482764-3+ NMOS | 8192x8| 300 +5 0.555 |28 |@ | ® 2764-3 222
HN482764-4 450 [ BN ] 225
Electrically Erasable | 16k-bit | HN48016* NMOS | 2048x8| 350 +5 0.3 24 o 228

* Preliminary

*% Under development
*%% The package codes of P, G, and C are applied to the package materials as follows.
P Plastic DIP, G: Cerdip, C: Side-brazed Ceramic DIP
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BTYPICAL CHARACERISTICS OF BIPOLAR MEMORY

®Bipolar RAM

Organi- Access | Supply Power Package®
Level To.tal Type No. zation Output Time Voltage | Dissipation - Replacement | Page
Bit (word (ns) Pin Flec|p
X bit max (V) (mW/bit) | No.
HM2105 35 1.8 o F10410 234
HM2106 15 1.8 ° 238
256-bit 256 X1
HM10414 10 2.8 (4 F10414 242
HM10414-1 8 ) L 242
HM2110 35 16 ® F10415 246
HM2110-1 25 0.5 [ F10415A 246
ECL Lk-bit HM2110-2 | 1024 X1 20 —5.2 [ J 246
10k " amzinz 10 08 . 250
HM2112-1 Open Emitter 8 ) ® 250
HM10422 256 X 4 10 0.8 24 [ ] F10422 255
HM10470 25 ® F10470 2
. 4096 X 1 0.2 18 60
4k-bit | HM10470-1 15 [ ] 260
HM10474 1024 x4 25 0.2 24 L4 F10474 265
Lk-bit HM100415% | 1024 X1 10 0.6 16 ® F100415 270
ECL ! HM100422 256 X 4 10 4k 0.8 24 |@| @ F100422 273
100k thbie | M100470 | 40961 25 ' 0.2 18 L F100470 | 276
=D1
HM100474 | 1024 x4 25 0.2 24 |ofe@ F100474 279
HM2504 55 [ ] 93411 284
256-bit 256X 1 1.8 3
HM2504-1 45 [ 93411A 284
HM2510 Open Collector 70 [ 288
TTL HM2510-1 45 +5 0.5 16 ° 93415 288
1k-bit | HM2510-2 | 1024 X1 35 [ J 93415A 288
HM2511 70 [ 292
3-state 0.5
HM2511-1 45 [ 93425 292
®Bipolar PROM
Organi- Access | Supply Power Package™
Toaund Total T AL zation | ., ., Time Voltage | Dissipation T
Level Bit Type No. (word Ulitput (ns) Pin rlelp Repilacement | rage
Xbit) max (V) (mW) No.
HN25044 Collect ° 298
4k-bit 1024 x4 [—pen Collector | 4 500 18 825136
HN25045 3-state ® 825137 298
HN25084 Open Collector 60 550 ° 825184 303
HN25085 3-stat [ J 82S185 303
o 2048x8 S 18
HN25084S Open Collector 50 550 [ 306
HN25085S* 3-stat [ 306
TTL | 8k-bit ke +5
HN25088 Open Collector 60 00 [ J 82S180 309
HN25089 3-state L 825181 309
+1.1024 X8 24
HN25088S Open Collector ® 312
< 50 600 —
HN25089S 3-state [ 312
HN25168S* Open Collector ® 82S190 315
16k-bit 2048 %8 60 600 24
" |'Hngs169S” 3-state ° 825191 | 315
* Preliminary
*% The package codes of F, G, and P are applied to the package material as follows.
F : Flat Package, G : Cerdip, P : Plastic DIP
@ HITACHI 9



BPACKAGING INFORMATION (Dimensions in_mm)

® DUAL-IN-LINE PLASTIC

®DP-16 B oDP-18 T<F 183 \
2 1 3
; ’: s 2 17T 3
s :4 18 3t B16 E ‘j
H < PeIs St S
o 4 13 = 1= o
g s 12 SR S s R ol e
6 ne | 6 P13 : }:
<G| w_! 3 Teg | Pel2 =
= >
v | b u',L P st peu ~
-
63 05lmin |- | 9 | w0
167 _ >06mex 2.54min 6.3 0.51min |~
7.62__ 5.06max~ i
-5 f 0.20~0.38 J
0~15°Jh 0.20~0.38
®DP-20 6.3 ®DP-24
eV 3»n 3! |
S
i = . ! = “!‘—-
|3 | P18 P .
BlasG | P17 S ™
5] H 2
w 3 4 16 Er-—— E =]
5| 6=t =15 =) ~ 2
ZlreG | e e K
Sleat | P13 b £
S =
; S > oY) - 3
£1 3 -1 3 8
T [o51min
0.51min
.08max 2.54mi
" S.BNIXLJ

~15
0.20~0.38

oDP-28

0°~15"

28
27|
%3
25 |
u |2
23 W
2|2
21 3
L E
19 (3
8 (g
17
16
15
134
15.24
0.20~0.38

Applicable ICs

DP-16

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716A P-4,
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7,
HM4864P-2, HM4864P-3, HM4864AP-12, HM4864AP-15,
HM4864AP-20

DP-18

HM472114AP-1, HM472114AP-2, HM472114P-3, HM472114
P-4, HM4334P-3, HM4334P-4, HM4334P-3L, HM4334P-4L,
HM6148P, HM6148P-6, HM6148L P, HM6148L P-6, HM4315P,
HM6147P, HM6147P-3, HM6147L P, HM6147LP-3,
HM6147HP-35, HM6147THP-45, HM6147THL P-35,
HM6147HLP-45

DP-20

HM6167P, HM6167P-6, HM6167P-8, HM6167LP,
HM6167L P-6, HM6167LP-8

DP-24

HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2,
HM6116L P-3, HM6116L P-4, HM6117P-3, HM6117P-4,
HM6117LP-3, HM6117L P-4, HN46332P, HN48364P,
HN48016P

DP-28

HN43128P, HN613128P, HN61256P

10
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Packaging Information

® CERDIP
5.06max 2.8min
®DG-16 6.3~ o':‘ ®DG-16A 6.81
= ™ 1 _"’*nelq ] 5
I‘L' :‘j 2 15Y 2
% o p
| be S ) ]ElT* -
b= o 4 13" = N
) S 2 3
h = + 5 12 .
] ] 61 11 &
I 7] 10
U 8( 9 i
b 7.62 0.
762 762 o] "
— ] 7 émin
; |
0.20~0,35 |
J 5\
0°~15" 0.20~0.38
oDG-16B 7.32 oeDG-18 7.32
s 7 pis 12— 1 mhi
! - 2 17, =
7( Nis | — 3 3 116155 §
6 14 -=-="z 4 ! <
5( 130 = < 3|5 14
40 f12= — . 6 13
3 I8 — 7 12 2
{ + S
2] Do | =TT = 8 1 B
11 bo :“i 9 10
10.38min 7.62 0.50min
7.62 5.08ma;
5.08max 2.8min 2.54min
r |
0.20~0,35 I ] J
\i—\'a 0.20~0.38 — 015

®DG-20

THTTTT

048 +0.1 2.54+0.25-~ b=

=
Py
&
-
5

LE
I

.54min

®DG-24A

2.8min

®DG-24B

p24
p23
p22
p21
p20
P19
p18
p17
P16
P15
P14
P13

31.75
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Packaging Information

®DG-28 14.66
h2s 1
b27
b26
25 .
p24 s
p23 :
pez |23 3
b21 E ﬂ <
b20 —-=%
P19 — w
18 of S
17 >
6|~ = Tx
15 =
} |
15.24 '_01-30nm
B s B 2.S4min.
I
[Und I 0.20~0.36

Applicable ICs
DG-16 HM2105, HM2106, HM10414, HM10414-1, HM2504, HM2504-1, HD2912
HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, HM2110, HM2110-1, HM2110-2, HM2112, HM2112-1,

DG-16A | pM100415, HM2510, HM2510-1, HM2510-2, HM2511, HM2511-1, HD2916, HD2923
HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7, HM4864-2, HM4864-3, HM4864A-12, HM4864A-15,
DG-16B
HM4864A-20
HM472114A-1, HM472114A-2, HM472114-3, HM472114-4, HM4334-3, HM4334-4, HM6148, HM6148-6,
DG-18 HM6147, HM6147-3, HM6147H-35, HM6147H-45, HM10470, HM10470-1, HM100470, HN25044, HN25045,
HN25084, HN25084S, HN25085, HN25085S
DG-20 HM6167, HM6167-6, HM6167-8
DG-24 HM6116-2, HM6116-3, HM6116-4, HM6116L-2, HM6116L-3, HM6116L-4, HN25088, HN25088S,
HN25089, HN25089S, HN25168S, HN25169S

DG-24A HM10422, HM10474, HM100422, HM100474

DG-24B HN462716G, HN462716G-1, HN462716G-2, HN462532G, HN462532G-2,
HN462532GL, HN462732G, HN462732G-2, HN482732AG-20, HN482732AG -25, HN482732AG -30

DG-28 HN482764G, HN482764G-3, HN482764G-4

©® SIDE-BRAZED DIP

eDC-24C 14.93 eDC-28R 14.93
e 2 E—. oo Y 3 T B
2 23 = = 2 2 E—
3 : 22 E== 3 2 E—
4 21 C— - 4 25 IC—==
5 20 Lté" 5 5 2 t—
6 19 k4 (— 2 6 23 }E—— H
e e e = S5 =3 © = =
7 18 8 C— 7 _{p2 o G— <
8 % 'E-= 1% 8 2 o o= .
9 16 Co—=—3 9 2 =13
10 15 B < 10 19 it
1 i 14 L-E_-— 1 18 c—=
12 I 13 - 12 i 17 -
T - ?  { 13 16 =
1524 0.51min | 14 15 E-.—
T T — e
i i ey
; I i i ]
e-igfh Loz-03 Lt d —T=020~036
Applicable ICs
DC-24C | HN462716, HN462532, HN462732
DC-28B | HN482764, HN482764-3, HN482764 -4

12 G HITACHI



Packaging Information
®Flat Package

OFP-24 OFG-24
=T by 24
R o 23 = 5 0max
=l 3 22 2
=| 4 b 21
&l s =2 = 3
| 6 v & | ﬂﬂ”
El 7 18 w0 i
E|s =17 S -
£l — 3 l
=] 0y b 15 2
R e b=t &
=y 13 =
i .
8.40

8

7

=

= S | S i

9.66max B
1.09 11.80 3o M
Applicable ICs Bottom

HM6116FP-2, HM6116FP-3, HM6116FP -4
HM6116LFP-2, HM6116LFP -3, HM6116LFP -4,
HM6117FP-3, HM6117FP-4, HM6117LFP-3,
HM6117LFP -4

FG-24 | HM100422, HM100474

FP-24
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® RELIABILITY OF HITACHI IC MEMORIES

1. STRUCTURE

IC memories are structurally classified into bipolar
type and MOS type. The former has a characteristic
of an extremely high speed. Bu. it is a comparative-
ly small capacity and on the other hand, the latter
features a large capacity. These IC memories are
utilized by effectively taking the most of their
respective characteristics.

Flows from designing, manufacturing and up to
inspection for both Bipolar and MOS type IC
memories are established under a unified concept,
design and inspection standards. Therefore stable
results concerning their reliability have been ob-
tained with these IC memories, regardless of differ-
ences in the circuit design, pattern, layout, degree of

integration, etc.

From its characteristics, the memory LSl is inte-
grated in high density by unit patterns called ‘‘cell’’
and it is not exaggeration to say that they are
produced in the most advanced semiconductor
manufacturing technologies. To get the high reliabil-
ity of such a memory which has been subjected to
rapid technological advances, know-hows based on
past experience from the design stage of a cell are
incorporated. Farther to evaluated reliability of
each respective technology applied. Reliability eval-
uation using TEG (Test Element Group), etc. is
carried out. Examples of cell circuits of the Bipolar
memory and MOS memory are shown in Table I.

® Table 1 Examples of Basic Cell Circuit of IC Memories

Classificati Bipolar memory Bipolar memory NMOS memory Nbfn(:%g_?ggs NM%SRg;lmory
assification (RAM) (PROM) (Dynamic RAM) (Static RAM) ( )
Buffer memory, A For
Applicati control memory Microcomputer Main memory of computer, microcomputer
pplication of high-speed control use microcomputer memory control
computer
$
Example of
basic cell
circuit
F—
)

IC memory chips produced in the latest technolo-
gies are sealed in different packages. Ceramic pack-
age, Cerdip (glass-sealed type) and Plastic package
are the current major IC packages. Also such
packages as LCC (Leadless Chip Carrier) for high
package density and SO (Small Outline) package are
now under development.

® Table 2 Examples of IC Memory Package Outlines

Ceramic and Cerdip versions, with their hermetically
sealed structure, are suitable to the equipment
requiring high reliability. Plastic version, the leading
semiconductor package, is applied to various kinds
of equipment. Hitachi Plastic package has been
improved to the close reliability level as the hermeti-
cally sealed devices. Table 2 shows examples of IC
memory package outlines.

= Ceramic DIP
® 16 Pin

® 24 Pin

® 28 Pin

14 G HITACHI




Reliability of Hitachi IC Memories

® Cerdip
® 16 Pin

® 18 Pin

® 28 Pin with Lid

® 20 Pin

® 24 Pin

® Plastic DIP
® 16 Pin

® 18 Pin

® 20 Pin

® 24 Pin

2. RELIABILITY DATA Results of reliability tests are listed below.
rules and quality control, there is no difference in

2-1 Reiiabiiity test data on Bipoiar memories

The reliability test data on the Bipolar memories are
shown in Tables 3 and 4. Since they are manufac-
tured under the aforementioned standardized design

reliability among various types. In addition, it can
be said that the greater the capacity, the higher the
reliability per bit.

® Table 3 Results on Bipolar Memory Reliability Tests (1)

HM10470 (Cerdip)

HN25089 (Cerdip)

: Test r - = -
Test item ) - tal - | Fail- Failure Sam- | Total com- | Fail- Failure
condition Spiire‘; p-cl;r(:e:t choomurs ures rate* ples | ponent hours| ures rate*
Ta=125°C CH iI/hr CH. I/hr
VEE=-5.2V (RAM) ns -6 3. 104 0 2.6 x 10-¢
High- Veo=5.5V (ROM) 125 4.0x 10 0 23x10 36 6 x X
tgmperqture Ta=150°C
(Operating) | VEg=—5.2V(RAM)| 4o | 27x10° | 0 | 34x10¢| 10 | 10x10° | 0 | 92x10°*
Vee=5.5V } (ROM)
tcyc=1us
High- Ta=200°C 27 | 2.7x10° 0 34x10°% 15 1.5 x 10* 0 6.1 x 1078
storge. "¢ [Ta=295°C 20 | 20x10° | 0 | 46x10°| 15 | 1.5x10° | 0 | 6.1x10°
* Estimated failure rate with confidence level 60%
15
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IC Memories

® Table 4 Results on Bipolar Memory Reliability Tests (2)

Test I Test conditi HM10470 (Cerdip) HN25089 (Cerdip)
est ttem est condition Samples Failures Samples Failures
Temperature cycling -65°C ~ 150°C, 10 cycles 120 0 45 0
Soldering heat 260°C 10 seconds 22 0 22 0
Thermal shock 0°C ~ 100°C 10 cycles 36 0 22 0
: 1,500G, 0.5ms
Mechanical Shock Three times each for X, Y, and Z 30 0 22 0
Variable frequency Thoee tmes. gzc’l'nzf(z)(r;x, YandZ 40 0 22 0
Constant-accelaration 20,000G 1 minute each for X, Y and Z 40 0 22 0

2-2 Reliability test data on MOS memories

The reliability test data on the MOS memories are
shown in Tables 5, 6 and 7, In these tables, data are
shown on representative types of HM4864 (64K

® Table 5 Results on MOS Memory Reliability Tests (1)

SRAM),
HN462532
EPROM).

DRAM), HM4716AP (16K DRAM), HM6116P (16K
HM6147P

(4K SRAM), HN462732,

(32K EPROM),

HN462716 (16K

HM4864 (Ceramic)

HN462532/HN462732 (Cerdip)

Test item co r?deisttion Sam- T‘;t:;::{"' Fail-| Failure | Sam- T%‘é’;gﬁtm' Fail- | Failure Remarks
ples hours ures rate* ples hours ures rate*
High- —19¢0
Ta=125°C C.H. 1/hr C.H. 1/hr *1 Oxid
SynbeaI®l Voe=S.SV|1872(3.33x10° | 3%t [1.25x10°| 100 | 1.0x10° | 0 | 9.2x10°¢ faure x 2
operation teyc=3us Unknown x 1
High-
temperature Ta=200°C 20 | 4.0x10° 0 | 2.3x10°% | 140 | 1.4x10° 0 6.6x107¢
storage
High-
temperature | Ta=259°C - - - - 100 | 5.0x10° 0 1.8x10°%
storage
High- *
temperature | Ta=295°C | - - - - 100 | 4.2x10° | 1%2 | agxios |** Dama oo
storage PP
* Estimated failure rate with confidence level 60%
® Table 6 Results on MOS Memory Reliability Tests (2)
HM4716AP (Plastic) HM6116P/HM6147P. (Plastic)
Madal anen MTabal ameen
. Test Sam-| 'V YUUT| Fajl-|  Failure | Sam- [*Y'¢! YWHT [ Fajl. | Failure Remarks
Test item condition ples %%':ﬁ';t ures rate* ples Ph%l'::’«rl;t ures rate*
] Ta=125°C *1 ?)i(lide 6
High e v;(;b?;(l)%)zv CH. 1/hr CH. Uhr | #2 Onids X
per - 2330| 3.46x10¢ | 6*! | 2.12x107¢ (1216 | 1.90x107¢ | 3*2 | 2.19x107¢ failure x 1
dynamic Vee=5.5V Electrostatic
operation (CMOS) discharge x1
teyc=3us Unknown x 1
High-
temperature | Ta=150°C 45| 4.5x10° |0 2.0x10°° 20| 2.0x10* |0 4.6x10°°
storage
. Ta=85°C, *3  Aluminium
glr%]};erature RH=85% corrosion x 17
and high- | VPD=IZV'I3081| 62106 [19%3| 3.1x10¢ | 630 | 1.3x10¢ |4*s | 4.0x10°¢ Unknown x 2

humidity
: Vce=5.5V
bias (CMOS)

*4  Aluminium

corrosion x 3
Unknown x 1

* Estimated failure rate with confidence level 60%.

16
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® Table 7 Results on MOS Memory Reliability Tests (3)

Reliability of Hitachi IC Memories

HM4864 TOM4864 EPROM HAMG6116P/
. . . (Ceramic) (Cerdip) (Cerdip) HM4716AP |  pgMe147P
Test item est condition Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail-
ples ures ples ures ples ures ples ures ples ures

Temperature -65°C~RT~150°C

cyciing 10 eycles 1208 | 0 | 260 | 0 50 0 - - - | -

Temperature ~55°C~RT~150°C

cycling T -] - - | - |30 | 0 | 7892 | 0 |28 | 0

Temperature -55°C ~ 150°C

cycling 1000 cycies 164 0 100 0 50 0 600 0 - -

°C ~

Thermal shock | 18 ueles >0 C 2| 0| 6 [ o | 72| 0o 19 o - | -

Thermal shock | $sG.100C -1 - ~ | - 197 | o | 138 0| 6| 0

Soldering heat | 260°C, 10 seconds 22 0 22 0 22 0 128 0 60 0

Mechanical | 1 500G, 0.5ms 2| o | 38| o 38| o -] - .

e 20~2,000Hz, 20G 20 0| 38 | o | 38 | o0 - - -1 -

Constant- 1 20,0006 2| 0o | 38 [ 0 | 38 [0 -1 - N .

2.3 Change of electrical characteristics under endur-
ance test for IC memories

The degradation of lIcgo of the cell transistor,

degradation of hgg, etc., can be considered as main

factors in the internal elements for reliability of

Bipolar memories. In actual

element designing,.

Fig. 1 Example of Change in Bipolar Memory Characteristics

however, it has been designed to operate in the
range at which these degradations do not habpen.
Therefore changes of electrical characteristics in-
cluding access time are not observed.

Time dependence in access time for HM10470 s
shown in Fig. 1.

Example Example of time change in access time for Bipolar memory
Device name HM10470
Test condition Ta=125°C, VEg=-5.2V Measuring Condition {Xc:i:,;em
Failure criteria taA=25ns Minimum
35 i
Failure mechanism Surface degradation i Marching Pattern
Results: - 30r
Access time (tp o) is stabilized and is within the failure E 2l
criteria. 3
= 20}
ol | | |
or
L
0 500 1000 " 2,000
Time (hr)
VTy is a basic parameter in the MOS memories,
however, it has been confirmed there is not any
shift in V1 for practical usage because we have 7
. . R _6F  HMag64-3 N=50pcs
applied surface stabilizing technique, clean process, Sl o
etc. \_g/ 4t Max.
3 ——J AVraee
In case of dynamic RAM which needs refresh cycle, 23» Measuring Conditions Min:
refresh time is also stabilized owing to the above- = 2r jg::jg%()ns
mentioned process. Time dependence of Vcc min (1) * Marching Pattern . .
and tggg characteristics for the 64K DRAM are 0 500 1,000 1,500 2,000
shown in Fig. 2 and 3. Time (hrs)
Fig.2 Ve min time dep indy ic operation
test at 125°C
@ HITACHI 17
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150
HM4864-3 Measuring Tq=70"C
N=50pcs  Conditions Vec=4.5V
Disturb Pattern
[ ore Than' 2 1
100k 100ms ]
4
2
3
- F
E 5
- 6
=50+
5
3
0
- Specification
L 2 2ms
olb—u s 1 s s sty
0 500 1,000 1,500 2,000

Time (hrs)

Fig. 3 Time dependence in refresh time (tg g ) in dynamic operation test at 125°C

2.4 Classification of failure modes

Examples of failures happened in the field are
shown in Fig. 4 and 5. Since memory LSlIs generally
require the most fine processing in semiconductor
manufacturing technology, the percentage of fail-
ures resulting from pinholes, photoresist defects,
foreign materials, etc., is tending to increase. To
eliminate the latent defects which are generated in
these manufacturing processes, we are constantly

Pinholes

20%

reappearing
Failures

25%

Defective Insulation
Layer Due to Foreign
Materials 9%

Statistics
for 1979-1980
20~60FIT

Destruction
30%

Defective Photo-
lithography 3%
Defective Metalization 3%

Fig. 4 Classification of Failure Modes of Bipolar Memory
in the field

improving these processes, and performing burn-in
screening under high temperature for all memories.
In addition, since the analysis of failures in the field
can result in important feedback to improve their
design and manufacturing, we are always exerting
our efforts to collect customer process data and
field data with the aim of further establishing their
high reliability.

Unknown
or

Others
15%

Pinholes

27%

Statistics

for 1979-1980
30 ~200FIT

Defective
Photo-
lithography

1%

Denstruction

40%

Marginal
Failures
%

Fig. 5 Classification of Failure Modes of MOS Memory
in the field
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3. SOFT ERROR

3.1 Soft Error Mechanism

As mentioned before, IC memories have been
increasingly miniaturized. Miniaturization, which
means reduction of the horizontal plane dimensions
as well as the vertical dimensions, causes signal level
on the chip and storage charge of dynamic memories
to be also decreased. An obstacle lying before
miniaturization is soft error. Soft errors can be
characterized as “‘transitory failures in which normal
memory operation can be recovered by reprogram-
ming information.” Soft errors are caused by
a-particles emitted from U and Ty contained in the
packaging materials. As memory chips are exposed
to a-particles, a great deal of electron-hole pairs
are induced in Si substrate. These induced electrons
cause memory information reversion. Fig. 6 shows
the mechanism of information reversion in NMOS
dynamic memory by a-particles. In case of NMOS
dynamic memory, negative voltage is applied to the
Si substrate. Therefore, positive holes are drawn by
substrate, and only electrons cause information
reversion (from information ““1" to *‘0’’) of memory

Reliability of Hitachi IC Memories

cell. Fig. 6 shows misoperation seen in memory cell.
Such a failure mode, which is defined as ‘“Memory
cell mode of soft errors,” is distinguished from ‘‘Bit
line mode.” “Bit line mode’’ of soft errors is shown
in Fig. 7. As information in memory cell is read out
on bit line, bit line potential changes depending on
memory cell information. The changing value is very
small (several 100 mV), and compared with stand-
ard potential (potential read out from dummy cell),
it is amplified by sense amplifier. If bit line is
exposed to a-particles during the very short period
between read-out from memory cell and amplifica-
tion by sense amplifier, bit line potential decreases.
And as it becomes less than standard potential,
misoperation from information ““0” to ““1*" will tike
place. On the other hand, with decrease of standard
potential, misoperation from information “1” to
0" is seen. Both are called ‘/Bit line mode’’ because
errors appear at irradiation of a-particles. Soft error
dependence on cycle time is shown in Fig. 8.

Polysilicon Gate

= I

“\—d & {
Information Storage Area

SSilicon Substrate| ]
(e being absent)(

C
‘? a-particle S K (

(a) Memory information at ‘‘1° (b)

(Electrons are absent)
(1 Transistor type memory cell)

large quantity of electron-hole
pairs. Generated electrons enter
the information storage area and
holes are drawn to the substrate
power supply.

Fig. 6 Misoperation in Memory Cell

Incident a-particle generate a  (c)

Inversion of memory informa-
tion from ‘1" (electrons ‘‘ab-
sent’’) to 0"’ (electrons *filled’’)
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Bit Line Potential

Information
"

Reference Level

‘ Information "

-t
Pre-  Inforamtion
charge Read Cycle

Amplified

<

{b) Inversion of information (c) Inversion of information
. . from ‘1" to 0" from 0’ to “1"
(a) Read out memory information (fall of 1" potential) (fall of standard potential)
into bit line
Fig. 7 Misoperation on Bit Line
108 3.2 Examples of soft error preventive measures in
|2 products
= o At the initial stage of the 64K DRAM development,
Q ell Mode its soft error rate was estimated from accelerated
S 10°f irradiation test data to be higher than the expected
] . design value. Hitachi has performed the following
= Mixed Mode .
< N\ ~—— soft error preventive measures.
o 1) Selection of packaging materials which emit a
‘g‘ 10 Bit Line Mode minimal number of a-particles.
P} 2) Application of chip coating technology to pre-
5 vent the a-particles.
@ 3) Use of circuitry and layout technology with
1 1 IB 132 103 inherent ability to resist a-particles.

Cycle Time (Relative Figure)

Fig. 8 Soft Error Rate’s Dependence on Cycle Time

Actual products will have three types of failure
modes, that is, cell mode, bit line mode and mixture
of both modes. Soft error mechanism of static MOS
memories and of bipolar memories are different
from the above-mentioned mechanism in dynamic
MOS memories.

In case of static memory, certain level of current
always flows through the cell in order to retain the
data in flip-flop circuit. When partial current in-
duced by a-particles exceeds the retention current,
misoperation occurs because of reversion of flip-flop
circuit.

Owing to these corrective measures, soft errors in
64K DRAM have reached a practically acceptable
level. Preventive measures applied for 64K DRAM
are also applied to other types. 16K DRAM with
single power supply 5V family, for which chip
coating was originally used, no longer requires this
coating because of remarkable improvement by the
third measure.
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7 o
<Y \. N\ 16k-bit Dynamic RAM
F a 18 AN N\, in Early Development
ﬁi; 10 AN /\. (Sample for HM4816)
3 N
“:; E 105}
=
s 107
==
é 103}
% 102 L
&3]
g 10 {
)
1

Supply Voltage Vec (V)

Fig. 9 Example of Soft Error Improvement on 16K-bit
Dynamic RAM

3.3 Request for soft error preventative measures in
system equipment

Thus our efforts to reduce soft errors have resulted

in almost trouble-free memories. System reliability

can be more improved by supplying some functions,

that is, ECC device for lage memory system and

parity bit for small one.

Reliability of Hitachi IC Memories
4. RELIABILITY CLASSIFICATION

In designing IC memories, Hitachi classifies memory

reliability by their application and controls the

flows of design, production and test. Reliability can

be roughly classified as follows:

(1) For large scale computers and electronic
exchangers

(11) For important parts for auto-motive applica-
tion

(111) General communication-industrial use

In using our products, therefore, we would like you

to consider the classification of the application.

Especially, when you are going to apply our

memories to any special equipment, please do not

hesitate to consult our sales engineering staff.
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Bl PRECAUTIONS FOR HANDLING IC MEMORIES

A variety of IC memories of high-spped, high-power
and static lower power dissipation CMOS have been
developed and commercially available, which allows
an electronics designer to properly select the one
best suited for a particular application. However, he
must be familiar with the advantages and disadvan-
tages of the devices to make the optimum selection
and to prevent them from malfunctioning or, in the
worst case, from breaking down. Precautions for
handling IC memories given below will help the
electronics designers to work out their optimum
circuit designs.

1. BIPOLAR IC MEMORY
1.1 Prevention of static electricity
Bipolar ICs have been considered to have high
resistance to the static electricity than MOS ICs.
However, the presently available high speed IC,
represented by bipolar memories, must be provided
with a suitable preventive measure against the static
electricity. Because their diffused junctions have
become thinner than the conventional taypes, in
order to perform higher capability. Take note of the
following points.

(1) Keep all terminals of a device in the conductive
mat during transportation and storage to keep
them at the same potential. A conductive mat
called “MOSPAK" is commercially available.
Unless otherwise specially stated, all HITACHI
IC memories will be shipped in our conductive
mats. Store them as they are.

(2) When handling by hand IC memories for
inspection or connection, his finger must be
grounded-as shown in Fig. 1. Do not forget to
insert a 1M ohm resistor to protect him against
an electric shock.

Insulated clip

|
% T
\

Copper ring
(put it on a finger) Shielding wire

(about 1 meter) IMOKW resistor

(3) It is advisable to control the ambient relative
humidity at about 50 per cent to prevent the
occurrence of static electricity.

(4) It is also recommendable to wear cotton clothes
instead of the ones made of synthetic fabrics to
prevent the static electricity from occurring.

(5) It is desirable to ground the soldering iron tips.
Use a low voltage soldering iron (12 or 24V), if
possible.

(6) When IC memories mounted on the circuit
boards are shipped, it is preferable to pack
them with conductive mats.

1.2 Cooling down

A bipolar memory will dissipate about 0.5 W of
power notwithstanding it is operated or not oper-
ated. For instance, a 4K byte memory card consist-
ing of 36 peices of HM2510 devices will dissipate
about 20 Watts. Since the heat generated by such a
circuit board is too great to be removed by the
natural convection, a forced air cooling system
having a capability of 2.5 m/s or more air blow must
be installed. A large memory system must be
installed in a sealed housing which has a pair of air
inlet and outlet.

1.3 Preventive measures for reverse insertion

If a device is reversely connected, an excessive
current will flow to burn the connection leads to
the memory chip resulting in breakdown of the
device, because its Vcc and ground terminals are
symmetically positioned. Locate the pin No. 1
which is indicated by a mark on the top surface of
each device and provide the device with correct
connection.

2. MOS IC MEMORY

2.1 Prevention of static electricity

Similar to bipolar IC memories, suitable preventive
measures should be taken for MOS IC memories by
referring to paragraph 1.1.

2.2 Absorption of power source noise

The source current level flowing in the dynamic
memory during the time of access is considerably
different from that of stand by. Although the
current difference is quite effective to save the
power consumption, the current spike may be
developed into the power source noise. Since all
MOS IC memories are, in general, accessed while
being refreshed, it is recommended to insert large
capacitors (a 10 uF capacitor for every 9 pieces of
16K-bit HM4716A, for example) as well as a 0.1 uF
capacitor having good high-frequency characteristics
for each memory. Needless to say, it is very
important to reduce the power circuit impedance
when designing.

2.3 Current spike in Vgg power
The Vgg power is necessary for maintaining the IC
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memory function in the reverse bias and the current
does not generally exceed the level of the reverse
leakage current. However, in order to prevent an
accidental current spike which is sharply formed in
either positive or negative phase by the rise or fall
clock pulse at the time of access, use a 0.1 uF
capacitor for every 2 or 3 memories for absorbing
such noises.

2.4 Clock drive ICs

The TTL to MOS clock drive ICs have special
designs so that they are capable of quick increase in
the capacitive load. If a ground wire short-circuits
either Vpp or Vcc which appear in the Pin No. 1
and No. 16 respectively, when the device is at high
level, the device may be broken down. Carefully
eliminate such possibility beforehand.

2.5 Power application sequence

It is advisable to design the circuits so that power is

applied in the sequence of Vgg, Vpp and V¢c and

interrupted in the reverse sequence, here the reverse

bias Vgg is applied first and interrupted last.

It may be impossible for some small-scaled systems

to apply power in the above-mentioned sequence

(for example, when the Vgg is supplied by a DC to

DC converter). According to our experiments con-

ducted in the under-mentioned test conditions, it

has been proved that such a small-scaled system as

to consist of 200 to 300 memory devices is not

affected by he power application sequence.

Power application sequence test for N MOS IC

1.) Test method

(1) Ambient temperature: 25°C

(2) Power voltage: Vpp=13.2V, Vcc=5.0V,
V|H=5.0V

(3) Operation mode: AC operation (“0” to
“16383" all bits scanning).

teyc=10 us
Read modify write oper-
tion

(4) Vgg power: ON (1 min.) — Floating
(1 min.)

Precautions for Handling IC Memories

2.) Testresults

Number of | Number of | Number of
Type No. cycles sample failures
HM4716A | 2000 cycles 50 0

2.6 Assessment of the memory system design

It is quite effective to obtain the power margin
curves (shmoo curve) for evaluating the memory
system designs (timing margin or adaptability to the
peripheral circuits). Investigate the Vgg and Vpp
power behaviors by gradually varying their levels,
and the ones which are closer to the margine shown
by the memory device itself can be judged to be
better than others.

2.7 Overhead parity bit

Application of MOS IC static memory especially to
microcomputers has been rapidly increasing due to
the advantages that MOS static memory is operated
by a single 5V power source and refreshing is not
required.

There are some cases where all bits are used as the
information bit without inclusion of any parity bit
by some circuit designing reasons. It is, however,
desirable to add parity bits to thoroughly avoid the
memory error.
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® QUALITY ASSURANCE OF IC MEMORY

1. VIEWS ON QUALITY AND
RELIABILITY
Basic views on quality in Hitachi are to meet
individual users’ purchase purpose and quality re-
quired, and to be at the satisfied quality level
considering general marketability. ‘Quality reuired
by users is specifically clear if the contract specifica-
tion is provided. If not, quality required is not
always definite. In both cases, efforts are made to
assure the reliability so that semiconductor devices
delivered can perform their ability in actual operat-
ing circumstances. To realize the quality in manu-
facturing process, the key points should be to estab-
lish quality control system in the process and to
enhance morale for quality. In addition, quality
required by users on semiconductor devices are
going toward higher level as performance of elec-
tronic system in the market is going toward higher
one and is expanding size and application fields. To
cover the situation, actual bases Hitachi is perform-
ing is as follows;
(1) Build the reliability in design at the stage of
new product development.
(2) Build the quality at the sources of manufactur-
ing process.
(3) Execute harder the inspection and reliability
confirmation of final products.
(4) Make quality level higher with field data feed
back.
(5) Cooperate with research laboratories for higher
quality and reliability.
With the views and methods mentioned above,
utmost efforts are made for users’ requirements.

2. RELIABILITY DESIGN OF
SEMICONDUCTOR DEVICES

2.1 Reliability Targets

Reliability target is the important factor in manu-

facture and sales as wel as performance and price.

It is not practical to rate reliability target with

failure rate at the certain common test condition.

The reliability target is determined corresponding to

character of equipments taking design, manufacture,

inner process quality control, screening and test

method, etc. into consideration, .and considering

operating circumstances of equipments the semicon-

ductor device used in, reliability target of system,

derating applied in design, operating condition,

maintenance, etc.

2.2 Reliability Design

To achieve the reliability required based on reliabil-

ity targets, timely sude and execution of design

standardization, device design (include process

design, structure design), design review, reliability
test are essential.
(1) Design Standardization
Establishement of design rule, and standerdization
of parts, material and process are necessary. As for
design rule, critical items on quality and reliability
are always studied at circuit design, device design,
layout design, etc. Therefore, as long as standard-
ized process, material, etc. are used, reliability risk is
extremely small even in new development devices
only except for in the case special requirements in
function needed.
(2) Device Design
It is important for device design to consider total
balance of process design, structure design, circuit
and layout design. Especially in the case new
process and new material are employed, technical
study is deeply executed prior to device develop-
ment.
(3) Reliability Evaluation by Test Site
Test site is sometimes called Test Pattern. It is
useful method for design and process reliability
evaluation of IC and LSI which have complicated
functions.
1. Purposes of Test Site are as follows;
® Making clear about fundamental failure mode
® Analysis of relation between failure mode and
manufacturing process condition
® Search for failure mechanism analysis
® Establishment of QC point in manufacturing
2 Effectiveness of evaluation by Test Site are as
follows;
® Common fundamental failure mode and fail-
ure mechanism in devices can be evaluated.
® Factors dominating failure mode can be
picked up, and comparison can be made with
process having been experienced in field.
® Able to analyze relation between failure
causes and manufacturing factors.
® Easy to run tests.
etc.

2.3 Design Review

Design review is organized method to confirm that
design satisfies the performance required including
users’ and design work follows the specified ways,
and whether or not technical improved items
accumulated in test data of individual major fields
and field data are effectively built in. In addition,
from the standpoint of enhancement of competition
power of products, the major purpose of design
review is to insure quality and reliability of the
products. In Hitachi, design review is performed
from the planning stage for new products and even
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for design changed products. Items discussed and

determined at design review are as follows;

(1) Description of the products based on specified
design documents.

(2) From the standpoint of specialty of individual
participants, design documents are studied, and
if unclear matter is found, sub program of
calculation, experiments, investigation, etc. will
be carried out.

(3) Determine contents of reliability and methods,
etc. based on design document and drawing.

(4) Check process ability of manufacturing line to
achieve design goal.

(5) Discussion about preparation for production.

(6) Planning and execution of sub-programs for
design change proposed by individual specialist,
and for tests, experiments and calculation to
confirm the design change.

(7) Reference of past failure experiences with
similar devices, confirmation of method to
provent them, and planning and execution of
test program for confirmation of them. These
study and decision are made using check lists
made individually depending on the objects.

Quality Assurance of IC Memory

3. QUALITY ASSURANCE SYSTEM OF
SEMICONDUCTOR DEVICES

3.1 Activity of Quality Assurance

General views of overall quality assurance in Hitachi

are as follows;

(1) Problems in individual process should be solyed
in the process. Therefore, at final product stage,
the potential failrue factors have been already
removed.

(2) Feedback of information should be made to
insure satisfied level of process ability.

(3) To assure reliability required as an result of the
things mentioned above is the purpose of
quality assurance.

The followings are regarding device design, quality

approval at mass production, inner process quality

control, product inspection and reliability tests.

3.2 Quality Approval

To insure quality and reliability required, quality
approval is carried out at trial production stage of
device design and mass production stage based on
reliability design described at section 2.

The views on quality approval are as follows;

Step Contents

Purpose

Design Review J

Target |
Specification 1

Design Materials, Parts Characteristics of Material and
Trial = A 1 Parts
Production pprova

Confirmation of

SPpearg.nce Characteristics and
imension . .y .
Heat Resistance Reliability of Materials
Mechanical and Parts
Electrical
Others
Electrical . .
[ Characteristics Approval Characteristics Confirmation of Target
Function Spec. Mainly about
X"mge Electrical
urrent . .
Temperature Characteristics
Others

Appearance, Dimension

Quality Approval (1) 1

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability in Design

Quality Approval (2)

Mass
Production

Reliability Test
Process Check same as
Quality Approval (1)

Fig. 1 Flow Chart of Quality Approval

Confirmation of Quality
and Reliability in Mass
Production
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Quality Assurance of IC Memory

(1) The third party executes approval objectively 3.3 Quality and Reliability Control at Mass Produc-
from the stand point of customers. tion

(2) Fully consider past failure experiences and For quality assurance of products in mass produc-
information from field. tion, quality control is executed with organic

(3) Approval is needed for design change and work division of functions in manufacturing department,
change. quality assurance department, which are major, and

(4) Intensive approval is executed on parts material other departments related. The total function flow
and process. is shown in Fig. 2. The main points are described

(5) Study process ability and fluctuation factor, below.

and set up control points at mass production.
Considering the views mentioned above, quality
approval shown in Fig. 1 is executed.

Process Quality Control Method

i

~——l Material, Parts ~l

Material,
Parts . Inspection on Material and Lot Sampling,
Inspection of . L — — - .
Material and Parts ——— Parts for Semiconductor Confirmation of
Devices Quality Level
r N Manufacturing Equipment, . .
- l ) . }— —|— —] Confirmation of
Manufacturing _ __ —1 Environment, Sub-material,

lity Level
Worker Control Quality Lev

Lot Sampling,

Inner Process
Confirmation of

Quality Level

Screening

P -
100% Inspection on | | | Testing

|
I
l
l
|
| — — —1 Quality Control
! |
| |
l 0 : I
| 100% Inspection [T~ 71 Appearance and Electrical | | | , e

T
inspecuon

Characteristics

Sampling Inspection on
Appearance and Electrical Lot Sampling

Characteristics

Products
Inspection

Confirmation of
_______ Reliability Test Quality Level, Lot

Sampling

Lot
Assurance
Test

l Receiving }4
I | Feedback of
Quality Information .
. Information
Claim

General Quality
Information

|
|
Field Experience  —
|
|
|

Fig. 2 Flow Chart of Quality Control in Manufacturing
Process
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3.3.1 Quality Control of Parts and Material
As tendency toward higher performance and higher
reliability of semiconductor devices, is going, impor-
tance is increasing in quality control of material and
parts, which are crystal, lead frame, fine wire for
wire bonding, package, to build products, and
materials needed in manufacturing process, which
are mask pattern and chemicals. Besides quality
approval on parts and materials stated in section
3.2, the incoming inspection is, also, key in quality
control of parts and materials. The incoming inspec-
tion is performed based on incoming inspection
specification following purchase specification and
drawing, and sampling inspection is executed based
on MIL-STD-105D mainly.
The other activities of quality assurance are as
follows;
(1) Outside Vendor Technical Information Meeting
(2) Approval on outside vendors, and guidance of
outside vendors
(3) Physical chemical analysis and test
The typical check points of parts and materials are

shown in Table 1.

® Table 1 Quality Control Check Points of Material
and Parts (Example)
Material, Important .
Parts Control Items Point for Check
Appearance Damage and Contamina-
tion on Surface
Dimension Flatness
Wafer Sheet Resistance Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Mask Dimension Dimension Level
Resistoration
Gradation Uniformity of Gradation
: Appearance Contamination, Scratch,
Fine or ?p i Bend, Twist
Wire Dimension X
Bonding Purity . Purity Level
Elongation Ratio | Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
Characteristics
: Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

Quality Assurance of IC Memory

3.3.2 Inner Process Quality Control
Inner process quality control is performing very
important function in quality assurance of semicon-
ductor devices. The following is description about
control of semi-final products, final products, manu-
facturing facilities, measuring equipments, circum-
stances and sub materials. The manufacturing inner
process quality control is shown in Fig. 3 corre-
sponding to the manufacturing process.
(1) Quality Control of Semi-final Products and
Final Products
Potential failure factors of semiconductor
devices should be removed preventively in
manufacturing process. To achieve it, check
points are set-up in each process, and products
which have potential failure factor are not
transfer to the next process. Especially, for high
reliability semiconductor devices, manufactur-
ing line is rigidly selected, and tighter inner
process quality control is executed — rigid
check in each process and each lot, 100%
inspection pointed process to remove failure
factor caused by manufacturing fluctuation,
and execution of screening needed, such as high
temperature aging and temperature cycling.
Contents of inner process quality control are as
follows;
® Condition control on individual equipments
and workers, and sampling check of semi-
final products.
® Proposal and carrying-out improvement of
work
® Education of workers
® Maintenance and improvement of yield
® Picking-up of quality problems, and execu-
tion of countermeasures
® Transfer of information about quality
(2) Quality Control of Manufacturing Facilities and
Measuring Equipment
Manufacturing equipments are extraordinary devel-
oping as higher performance devices are needed and
improvement of production, and are important
factors to determine quality and reliability. In
Hitachi, automatization of manufacturing equip-
ments are promoted to improve manufacturing
fluctuation, and controls are made to maintain
prompt operation of high performance equipments
and perform the proper function. As for mainte-
nance inspection for quality control, there are daily
inspection which is performed daily based on
specification related, and periodical inspection
which is performed periodically. At the inspection,
inspection points listed in the specification are
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checked one by one not to make any omission. As
for adjustment and maintenance of measuring
equipments, maintenance number, specification are
checked one by one to maintain and improve
quality.

(3) Quality Control of Manufacturing Circum-

stances and Sub-materials

Quality and reliability of semiconductor device is
highly affected by manufacturing process. There-
fore, the controls of manufacturing circumstances —
temperature, humidity, dust — and the control of

submaterials — gas, pure water — used in manufac-
turing process are intensively executed. Dust control
is described in more detail below.

Dust control is essential to realize higher integration
and higher reliability of devices. In Hitachi, mainte-
nance and improvement of cleanness in manufactur-
ing site are executed with paying intensive attention
on buildings, facilities, air-conditioning systems,
materials delivered-in, clothes, work, etc., and peri-
odical inspection on floating dust in room, falling
dusts and dirtiness of floor.

Process Control Point
__YPurchase of Material
+Wafer Wafer Characteristics, Appearance
Surface Oxidation Oxidation
Inspection on Surface Appearance, Thickness of
Oxidation Oxide Film
Photo Resist Photo
Resist
Inspection on Photo Resist Dimension, Appearance
OPQCLevel Check
Diffusion Diffusion Diffusion Depth, Sheet
Resistance
Inspection on Diffusion Gate Width
OPQC Level Check Characteristics of Oxide Film
! Breakdown Voltage
Evaporation Evapo- Thickness of Vapor Film,
ration Scratch, Contamination
Inspection on Evaporation
OPQC Level Check
Wafer Inspection Wafer Thickness, Vru Characteris-
tics
Inspection on Chip Chip Electrical Characteristics
Electrical Characteristics
Chip Scribe Appearance of Chip
Inspection on Chip
Appearance
©PQC Lot Judgement
+Frame—
O Assembling Assembling | Appearance after Chip
Bonding
Appearance after Wire
Bonding
OPQC Level Check Pull Strength, Compresion
Width, Shear Strength
flnspection after Appearance after Assembling
Assembling
) OPQC Lot Judgement
Lp -
ackage bsealing Sealing Appearance after Sealing
Outline, Dimension
OPQC Level Check Marking Marking Strength
) Final Electrical Inspection
OFailure Analysis Analysis of Failures, Failure
Mode, Mechanism
Appearance Inspection
Sampling Inspection on
Products
Receiving
Shipment
Fig. 3 Example of inner Process Quality Control

Purpose of Control

Scratch, Removal of Crystal
Defect Wafer

Assurance of Resistance
Pinhole, Scratch

Dimension Level
Check of Photo Resist
Diffusion Status

Control of Basic Parameters
(VTH, etc) Cleaness of surface,
Prior Check of Viu

Breakdown Voltage Check
Assurance of Standard
Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip

Bonding

Quality Check of Wire

Bonding

Prevention of Open and
Short

Guarantee of Appearance
and Dimension

Feedback of Analysis Infor-

mation
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3.3.3 Final Product Inspection and Reliability As-
surance

(1) Final Product Inspection

Lot inspection is done by quality assurance depart-
ment for products which were judged as good
products in 100% test, which is final process in
manufacturing department. Though 100% of good
products is expected, sampling inspection is exe-
cuted to prevent mixture of -failed products by

Quality Assurance of IC Memory

mistake of work, etc. The inspection is executed not
only to confirm that the products meet users’
requirement, but to consider potential factors. Lot
inspection is executed based on MIL-STD-105D.

(2) Reliability Assurance Tests

To assure reliability of semiconductor devices,
periodical reliability tests and reliability tests on
individual ‘manufacturing lot required by user are
performed.

Customer

Claim

Sales Dept.

Sales Engineering Dept.

(Failures, Information)

Sales Engineering Dept.

Reply

Customer

r———FF""—~¥ "/ 1
| ; - I
| Quality Assurance Dept. Failure Analysis '
| |
| | |
| i |
| ] Countermeasure |
| Manufacturing Dept. Design Dept. Execution of I
| Countermeasure |
| I l l
| Report |
| |
I l
i I
| ; |
I Quality Assurance Dept. Follow-up and Confirmation |
| of Countermeasure Execution |
| |
| Report |
S U I

Fig. 4 Process Flow Chart of Field Failure
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B OUTLINE OF TESTING METHOD

1. Inspection Method

Compared to conventional core memories, all peri-
pheral circuits such as the decoder circuit, write
circuit, read circuit, etc., are contained within the
IC memories. As a result, all works of assembling
the parts and performing electrical inspection,
which had been carried out by core memory
manufacturers in the past, have be come to be
incorporated as works of IC manufacturers. Con-
sequently, the electrical inspection of the memory
IC has been faced to a more systematic inspection
method and conventional IC inspection facilities
have become completely useless. This has led to the
development and introduction of a memory tester
with pattern generator to generate the inspection
pattern of the memory IC at high speed. A function
test for such as TTL gates can be performed even by
a comparatively simple DC parameter facility. How-
ever, when the address input becomes multiplexed
as in 16K memory, even the generation of the
function test pattern becomes a serious problem. In
the memory IC inspection, its quality cannot be
judged by only inspecting DC characteristics related
to external pins. This is because numbers of
transistors, etc., related to the DC characteristics of
the pins only amount to 1/1000 of all element
numbers within |C memories. The following various
address patterns are proposed to inspect whether or
not the internal circuits are functioning correctly.
(1) All ““Low”, all ““High”

(2) Checker flag

(3) Stripe pattern

(4) Marching

(5) Galloping

(6) Walking

(7) Ping-pong

Although there are a lot of address patterns, only
representative ones have been listed. These patterns
are convenient for checking the mutual finter-
ference of bits and sometimes are patterns with
maximum power dissipation. Among the above-
mentioned patterns, those of (1) to (4) are the
socalled N patterns and these patterns are capable of
checking IC memories of N bits with several
sequences of N at most against the memory IC of N
bits. Whereas, those of (5) to (7) are caled N?
patterns and they need patterns several sequences of
NZ.

A serious problem arises in using the N2 patterns in
a large-capacity memory, for example, a long period
of about 30 minutes becomes necessary to perform
inspection of the 16K memory with galloping

pattern. Patterns from (1) (3) are comparatively
simple and good methods, but they are not perfect
against a failure in the decoder circuit. As the most
simple pattern for inspecting the necessary memory
function, there is a “Marching” pattern.

2. Marching Pattern

The marching pattern, as its name indicates, is a

pattern in which ““1”s march into all bits written in

“0"s. The addressing method will be explained for a

simple 16 bit memory as an example.

(1) Write “0” forall bits ............ Fig. 1(a)

(2) Read ““0” of Oth address and check that the
read data is “0”. Hereafter, the meaning of
““Read” is “checking and judging the data’’.

(3) Write “1” in the Oth address ....... Fig. I(b)

(4) Read "0 of 1st address

(5) Write ““1” in 1st address

(6) Read “0” of nth address

(7) Write “1” innth address ......... Fig. 1(c)

(8) Repeat above procedures (6) and (7) up to the
last. Finally, all data will become ‘1.

(9) Since all data are “1"'s in this condition, replace
0" and “1" after procedure (2) and repeat
once more up to procedure (8).

It is understood that 5N address patterns are

necessary for the N bit memory in this method.

(a) (b) (c)
0o 0 0 o0 1 0o 0 o 1 1 1
0o 0 0 o o o 0 o0 11 1
o 0 0 o 0o 0 0 o 1 1 0 o
0 0 o0 o0 o o 0 0 0o 0 0 o

Fig. 1 Addressing method for 16 bits memory in the
Marching pattern

3. Generation of Marching Pattern

The .method of generating the marching pattern and
displaying failed bits of the memory on the Braun
tube will be introduced. Fig. 2 shows the all block
diagram. The address pattern is generafed by using
four synchronous 4 bit counters. All address pat-
terns are shown in Fig. 4. This example, is for 16K
bit memory, however, it can be easily understood
that A14 which has a half frequency of the
maximum address input A13 is the same as the data
input.

The A15 signal together with the carrier signal of
HD74161 is used to determinine the termination of
the sequence.

As shown in Fig 2. In the read and write cycles after
cleaning all bits addressing is twice the period of
clearing. This switching is performed at the gate of
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the binary circuit following the reference pulse
generating circuit.

Clock Gen

Strobe
A Yi}——= ADDRo
. s Y2}——e ADDR:
CP ™ HD4161 'é; HDM157 Y3j——= ADDR:
—18:
Carey Out —H8 Vo[ ADDRs
T S
T A L———(
As A S Yif——e ADDR4
——CP  HDT4161 : a Y: ADDRs
Carry Out 5, HD74157 Y3b——e= ADDRe
B
T

1 CP HDM161
Carry Out

T

L—CP HDM161 to Din of memory

Fig. 2 Marching Pattern Generating Circuit

Ao — SWc
A —
Az ——
As——— D/A Converter —AW OP AMP — Z Axis of Oscilloscope
Ac—
As —
As ——
Ar —— -
As ——
Ay —
Aro—— D/A Converter |, OP AMP b—— Y Axis of Oscilloscope
Aun—
Az —
AIJ—'
—
From Comparator Circuit w__» X Axis of Oscilloscope

Fig. 3 Fail Bit Map Display Circuit

1s —

I

T q

o Al"0" —fo——"0"Read" 1" Write —efm——"1"Read"0" Write —=|
UL Pl I O IR oy

An

wo—_t |
(Din)

Ais 4'

Fig. 4 Entire Pulse Relations

Input the output of HD74161 is input to the D/A
converter and the output of D/A converter is
connected to the oscilloscope to display = X-Y
matrix. The output of the comparator circuit is
cohnected to the Z axis and performs luminous
intensity modulation. In this way, the fail bit map
can be displayed on the CRT. Fig. 5 shows an
example checking a voltage margin. By changing the

to Comparator Circuit of Memory

Outline of Testing Method

power voltage Vgg, the increase and decrease of the
failed bits can be well understood. The operation of
the memory can be dynamically understood by
displaying its operation on the CRT. The operation
of the memory IC is extremely complicated differ-
ing from other TTLs, etc.. Its operation is not easy
to understand by pulse waveform observation with
an ordinary oscilloscope. The fail bit map as shown
in Fig. 5 is extremely useful. It is capable of visually
understanding the operation of memory IC.

Y Address--—

(a) Ve —0.3V X Address ——

Y Address

(b) Ves=—0.1V X Address ——
Fig. 5 Example of Depend v of Fail Bit Map on Vpgr

Y Address —

X Address - -+

Fig. 6 Example of 1 bit solid fail

4. Failure Mode

Generally, failure 70% ~ 90% of failures at users are
of those called solid failure. This failure mode has
no relation with access time, voltage margin and
timing, and is not capable of reading from or writing
to certain specified bits and is failure fixed to ‘0"’
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Outline of Testing Method

or “1”. An example of single bit solid failure is
shown in Fig. 6. The convenient checker, previously
mentioned as simple tester, is sufficiently capable of
detecting such failures. Therefore, with the excep-
tion of special cases, it can be considered that the
necessity of performing high-precision measure-
ments such as those made by memory IC manufac-
turers is rare.

In the inspection of memory IC at our company,
full inspection under the worst conditions are
performed so as to guarantee sufficient operations
under all power voltage conditions and timing
conditions listed in the data sheet.

An extremely accurate memory tester becomes
necessary for performing high-precision inspection
with 1ns accuracy. Our company is developing IC
memory testers to supply memory ICs with excel-
lent characteristics and quality to users and is
establishing the system capable of developing
further high-efficiency memory 1Cs.
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1. PROGRAMMING & ERASING
OF EPROM

1.1 Programming

Programming to the memory cell of EPROMs is
achieved by applying a high voltage to the drain and
gate. The high voltage of the drain raises the
electron energy of the channel and the voltage of
the gate induces the high energy electron (hot
electron) injecting to the floating gate. Thus, the
charge injected to the floating gate changes the
threshold voltage of the memory cell and stores it as
the memory information gate changes the threshold
voltage of the memory cell and stores it as the
memory information. Initially, and after each era-
sure all bits of EPROMs are in the /1" state.

Drain

Floating Gate
t circuit

.

Fig. 1 Equi

ic of y cell

Data can be programmed (““1” = “0") by applying
the timing relation waveform and voltage supply
stipulated in the specification of EPROMs. Program-
ming can be made to a sequential address and a
random address. In addition, writing of only 1 word
is also possible. Bits programmed in this manner
become ‘0" in normal power supply condition,
however, the output data inverses to “1” when V¢
is rises. This voltage (READ Vcc) becomes the
index for confirming how sufficientiy programming
has been made to the floating gate. (Of course, the
switching speed, input/output levels and others
cannot be guaranteed in the range exceeding the
power supply condition of Vcc.) Fig. 2 shown the
correlations among this READ V¢, program pulse
width (tpW) and Vpp is designated at 25V *1V.
When Vpé exceeds the maximum rating (including
overshoot), the p-n junction of the device some-
times leads to permanent breakage of the element.
Taking this point into consideration, please take
sufficient care by performing checking of Vpp over
shoot of the P-ROM writer, etc.

And also take care of negative voltage noise on any
pin.

Since a total inspection cannot be performed prior
to shipment on matters such as writing & erasing
cycles, a guarantee form is not employed but it
maintains a standard capable of repeating more than
100 times normally. It can be said to be a sufficient

standard when considering the repetition to be
about 10 times in maximum in actual use.

Changes on the floating is gradually decreasing and
high the temperature is, faster the decreasing rate is.
Please refer Fig. 3.

9

8 N
p—"1
b
1A
=
S J Write : Vee=5V, Vpp=25
= e Read : Vep=5V
-
H
S
o

0 10 20 30 40 50
Write Pulse Width tpw (ms)

/|

N N,
NN

e ! Vec=5V

Read Vec (V)
z

7:>\
7
2
&)
I
a

~

20 22 24 26 28
Write Vep (V)

Fig. 2 Typical Programming Characteristics
of EPROM:s.

1.2 Erasing

Data erasing of EPROMs is performed by the
discharge of the electric charge in the floating gate
and with the ultraviolet ray irradiation to the
memory cell.

The erasing condition is stipulated as ultraviolet ray
wavelength 2,5637A and minimum integrated dose
15W. sec/cm?. This condition can be obtained by
placing an ultra violet lamp of 12,000uW/cm?
within 1 inch of the device and shelving it for about
20 minutes. The material quality of the transparent
lid is a sapphire and the transmission ratio of the
ultravioletrays is about 70%. However, when con-
tamination and foreign matters exist on the cap
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surface, the transmission ratio will deteriorate and
the time required for erasing will become extended.
In such a case, it is necessary to remove the
contamination with solvents such as an _alcohol, etc.,
which do not affect the package. Actually, erasing
of the element can be sufficiently performed in a
shorter time than the stipulated erasing time but
since the erasing condition of 15W.sec/cm? for
performing erasing with a sufficient margin within
the device usage condition range has been decided,
always be sure to perform irradiation above this
condition.

Although the efficiency of ultraviolet rays of a
wavelength of less than 3,000 ~ 4,000A may differ,
it has the capability of discharging the electric
charge accumulated in the memory cell of EPROM:s.
The typical erasing characteristicc of EPROMs are
shown in Fig. 4. The existance of easy-to-erase and
hard-to-erase bit in the LSl in this drawing is due to
the disperison of accumulated electron volume, etc.
Since a slight a mount of ultraviolet rays is
contained in fluorescent lights and sunlight, there
lies a possibility of causing inversion (0" = “1”’) of

/
/
/

/

10 /

10°

MTTF (hrs)

300 200 150 100

Storage Temperature ()

Fig. 3 Typical Data Retention Characteristics
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Fig. 4 Typical Erasing Characteristics

the memory information accompanying the vanish-
ing of the charge when such light is irradiated for a
long period. Therefore, when there lies a possibility
of light being irradiated and a high reliability is
demanded, provide measures for shielding the light
such as pasting a seal on the lid, etc.

1.3 EPROM Writer
The 16K EPROM wirter stores the program in its
internal RAM and writes the program in the
EPROM. For this programming, the minimum of 3
functions, the Blank check function prior to pro-
gramming, the programming function and the Veri-
fy function after programming are necessary.
As shown in the drawing, there are also wirters
provided with a reverse insertion checking function
or pin contact checking function prior to the Blank
Check.
The outline of each block is as follows.
(a) Pin contact check
In the connection test of the ROM pin and the
socket, normally checking is performed by
detecting the forward current of each EPROM
pin.
Care is necessary as this forward biased resist-
ance differs according to products of each
company.
(b) Reverse insertion check
This check detects the reverse insertion of the
device, places the equipment in reset mode and
protects the device and equipment.
(c) Blank check
This check is performed prior to programming
and checks whether or not it is an erased
EPROM or for preventing EPROM reprogram-
ming.
Since the output data in the erased condition
are 1" (high level), check whether or not data
in EPROM are all “1"”. It will fail-stop even
when 1 bit of ““0” (low level).
Normally, it is designed to provide warning
with a lamp or buzzer.
(d) Programming
The function of programming the data in the
internal RAMof the writer into EPROM and will
fail-stop when programming cannot be made.
The normal flow is as shown below. The
EPROM data will be read out prior to program-
ming and compared with the programming
data. If they coincide, programming will be
skipped and if they differ, programming will be
performed. Then, read out will be made again
and compared with the programming data, and
if they coincide, it will progress to the next
address.
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(e) Verify

This function is for checking after programming
completion whether or not the programming is
correct when comparing withthe data in the
internal RAM of the writer and it performes
fail-stop when it does not coincide. Normally,
when it fails, together with lighting of the fail
lamp, the address and data are displayed.

Address Set

—

Is Programming
Necessary?

Is it the
Final address?

Address
Increment

(f) How to input the program
There are the following methods for inputing
the program data to the internal RAM of the
writer,

Programming & Erasing of PROMs

Normally, paper tape input and teletypewriter
input are options.

Method Content
Copy input Input by copying the master ROM.
Manual input Input by the keyswitch of the front

panel. Used for correction or
revision of program

Paper tape input | Read the paper tape furnished

from the host system with the

tape reader
Teletypewriter Input with the teletypewriter.
input Preparation, correction and list
preparation of the program can be
made,

1.4 Handling of EPROM

1.4.1 Malfunction caused by static charge

There is a possibility of static charge generation on
the glass window of EPROM leading to malfunction
of the LS| when the glass surface of EPROM is
touched by charged human body or rubbed with
plastic or dried cloth. Typical malfunctions are
blank fail, write margin fail, etc., which look as if
writing has been made in the LSI. This subject has
already been mentioned at the international society
on LSI reliability and the cause lies in the fact that a
charge generates on the chip of LS| due to static
charge on the window and this charge remains for a
prolonged period.

1.4.2 Regeneration method of charged LSI

When EPROM is accidentally charged and the
above-mentioned fail has occurred, the LSl can be
completely regenerated to blank condition by irradi-
ating with ultraviolet rays for erasing for a pre-
scribed time. The charge remaining on the chip
differs from that accumulated on the floating gate
and normally, practically all charges are neutralized
when ultraviolet rays of about 50 mW.s/cm? are
irradiated. Therefore, when static charge fail occurs
on EPROM in which the program has been written,
it is possible to remove the residual charge on the
chip surface without changing the programmed
pattern by irradiating ultraviolet rays slightly (about
5~ 10 seconds in case of 6.5 mW/cm?). However,
since a slight amount of the charge stored in the
floating gate will also be discharged in this case, it is
necessary to take are not to apply an ““overdose’’ of
ultraviolet rays.

1.4.3 Caution in handling

Since the basic cause is the static charge on the
window, its prevention is the most important
measure in handling. This is the same as the normal
IC electrostatic breakdown measures and the follow-
ing methods exist.
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(1) Earth the operator’s body during operation. Do
not use gloves, etc., which tend to generate
static charge.

(2) Do not rub the glass window with plastic, etc.,
which are easily cause static charge.

(3) Take care as a slight amount of ion is some-
times contained in the cooling medium spray.

(4) Ultraviolet ray light shielding labels (particular-
ly those containing conductive substances) are
also effective from the standpoint of staitc
electricity charge prevention.

1.5 Light Shielding Labels
1.6.1 Light shielding effect
In case the data retaining characteristics is essential
when EPROM is used in an environment where
there is the possibility of exposure to ultraviolet
rays, it is effective to paste a light shielding label
having an ultraviolet ray absorption effect on the
glass window. A special label for this purpose is
being marketed, however, those containing metal
are generally effective as they absorb ultraviolet
rays. 1.4.2 Selection of light shielding label
1.6.2 Selection of light shielding label
In selecting a suitable light shielding label, it is
necessary to take care about the following points
besides the above-mentioned items.
(1) Adhesive property (Mechanical strength)
Care is necessary in case of reusing the label or
adherence of dust as the bonding force is
weakened.
Besides, when peeling off, the label may induce
static charges that before using EPROMs, eras-
ing-reprogramming or short time erasure will be
recommended.
(2) Permissible temperature range
Labels have their own maximum ratings and the
range of guarantee, as well as their degradation
characteristics. Please check them before using
them.
(3) Moistureproofness
Upon considering the above points, it is necessary to
make suitable selection according to the usage
purpose.
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2. PROGRAMMING OF BIPOLAR PROMS

2.1 Programming System

The storing system of the Bipolar PROM can be
generally classified into 2 systems; the Blown diode
system and fuse system.

The latter is a system in which the metal-made fuse
is burned off by current (Fig. 5). In the former,
Emitter-Base junction is short-circuited by Al,
which has penetrated into Base because of current

Programming & Erasing of PROMs

pulse applied to E-B junction (Fig. 6). Generally,
the blown diode type is considered to be more
reliable. A grow back phenomenon, that is, migra-
tion and recombination of the metal, is seen in fuse
system. HITACHI devices use the blowin diode
system.

Open in

. Bit Line
Programming

Word Line

Fig. 5 Fuse system

Short-circuit
in Programming

Bit Line

Word Line

Fig. 6 Blown diode system

2.2 Programming Method

Programming is executed by the conventional pro-
gramming equipment (PROM writer) using a board
suited to the product.

First, check if all bits are programmable (Blank
check), next write the pattern you want to program
one by one bit. At every application of current
pulse, confirm that program is available by sensing
output level. And when programming has been
completed, apply additional pulse. This process
should be performed for all bits into which you
want to write, and as you have completed program-
ming, check (Verify) if you have programmed in the
same pattern as you intended. if you do not find
any mistake, programming has been completed.

For Blank check, Sense and Verify whether output
pin level is high (non-programmed) or low (pro-
grammed) is checked by sense current (ls). Vs — Is
characteristic of normal series and S series is shown
in Fig. 8 and 9, respectively. Specified value of sense
current (ls) of both normal series and S series is 20
mA, and voltage reference level is 7.5 V.

Fig. 10 and 11 show the relation between program
current and program pulse number necessary for 1
bit to be written. With consideration of its influence
on breakdown voltage, program current is specified
as 130 mA in normal series and as 90 mA in S series.

q
3
z

)

~
" System Check ~>~_
<\(check pin contact etc.) >
~ ~ - -~
~. -~

Blank Check

=

Apply Program Pulse

*

One Bit Progammed

Additional Pulse

Every Bit Programmed

‘J

C END )

Fig. 7 Programming Flow of PROM
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2.3 Programming Characteristics of Hitachi Bipolar
PROM

® Small program current

130 mA for normal series, and 90 mA for S series

are required for programming. Therefore, there are

few bad effects caused by breakdown voltage

degradation and parasitic effects.

® Fast programming speed

As seen in Fig. 10 and 11, program pulse for 1 bit

memory cell can be mostly written at one time.

Consequently, the program time per device is quite

short. In case of 8K bit, for example, only 2 or 3

seconds at an average are required.

® High programming yield

Unlike the MOS PROM, the Bipolar PROM cannot

be rewritten, once it is written into the memory
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Fig. 11 Program Pulse — Iw Characteristic of S Series
(HN25169S)

cell.

Therefore, it does not allow programming and
inspection of the product prior to delivery. Due to
this, sometimes a defective product (which does not
allow programming) might be delivered.

Generally, the programming efficiency percentage is
90~95% when programming is performed on the
user’s side. Special tests such as actually performing
programming on the dummy cell in the chip,
performing continuity test of all memory cells, etc.,
are made prior to delivery for minimizing the
possiblity to deliver defective products.
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2.4 Programming

There are two methods in the programming of
PROM. That is, the method when programming is
made by PROM manufacturer and delivered and the
methdd when programming is made on the user’s
side. Both these methods and procedures will be
explained below.

2.4.1 Programming performed by the PROM manu-

facturer

As shown in the drawing below, the manufacturer
receives the program specification (specification
designating the program pattern) from the user,
performs writing (Programming) in accordance with
the specification and performs delivery. In this case,
a special writing fee is charged.

Submittance of
Program Specification

> PROM

Manufacturer

User ”

Delivery Upon

Programming (Hitachi)

2.4.2 Programming performed by user
In this case, the following three items must be
prepared by the user.

1

PROM WRITER (Main unit of programming
equipment)

One capable of being used in common with
equivalent products of other companies.
Performance board (Exclusive board designated
by each manufacturer)

Minimum of 1 board for Hitachi PROM.

Sockets (sockets suited to product)

Minimum of one socket per product. These
sockets are purchased from the PROM WRITER
manufacturer.

The relationship among PROM WRITER manufac-
turer, Hitachi and user is shown in Fig. 12,

Purchase of PROM
WRITER,
Performance Board
(Hitachi Certified
Item) and Socket
(Hitachi
Certified Item).

PROM Purchase

Development Demand
of Hitachi Exclusive
Performance Board

and Socket.

Manufacture of Board

PROM

and Socket ot kid

Hitachi |« WRITER
Manufactcrer’s Manufacturer

Certification

Fig. 12 Relationship among Hitachi, User and PROM
WRITER manufacturer

As indicated above, the user purchases the perform-
ance board and sockets exclusively for Hitachi

products

together with purchasing the PROM

WRITER.

2.5 Programming Device

There are about ten programming device manufac-
turers. However, this does not mean that any
manufacturer’s device will suffice. The reasons are
as follows.

It costs several hundreds of thousands or several
million yen to have a programming device manu-

farcturar Anrd far Llieo b
raCiurey

develop a dedicated board for Hitachi

develop a
and to qualify it.
The suitability of the programming device affects
the programming efficiency. Therefore, it should
be a device of a reliable manufacturer.

The servicing setup for handling troubles should
be consolidated. The setup should be one that
judgement can be accurately made on whether it
is a writing device trouble or PROM trouble.

Hitachi has prepared a list of recommended manu-
facturers which meet the above requirements. Please
contact our sales engineering staff for information
in this regard.
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B MASK ROM PROGRAMMING INSTRUCTION

The writing of the custom program code into the
mask ROM is performed by the CAD system using a
large-sized computer. You should submit the data of
the ROM code in conformity with the specification
explained below by either paper tape, EPROM or
magnetic tape. In addition, enter your instructions
such as the chip select, customer part number, etc.,
in the “ROM Specification Identification Sheet”
and attach it to the ROM code data.

1. Overall Specification

Since the submitted paper tape, card or magnetic

tape is fed into the large-size computer as it is,
observe the following specifications.

1.1 Specification of Paper Tape

1.1.1 Any color paper tape may be used as long as
it is a marketed 1 inch wide paper tape for
computers. However, a black color paper tape is
recommended.

1.1.2 Take more than 600 frames for the leader and
trailer.

0000000000000/0000000000000000000|00000000O

Leader

Data Trailer

{More Than 600 Frames)

1.1.3 Parity mode
The presence and type of parity are clearly de-
scribed in the “ROM Specification Identification
Sheet”.
There are following modes in the parity system.
(1) With parity
Even parity ............
Odd parity
(2) Without parity
1.1.4 Use the 8 unit ASC11 code as the code.

1.2 Specification of Magnetic Tape

1.2.1 Use the following type of magnetic tape
which can be netered in a magnetic tape device
which is compatible with the IBM magnetic tape
device.

(1) Length .... 2,400 feet, 1,200 feet or 600 ffet
(2) Width .................ivvnn.. 1/2 inch
(3) Channel ...........ccovvvunn. 9 channels

(4) Bit density 800 BPI or 1,600BP! (Clear-
ly state which it is in the
“ROM Specification Inden-
tification Sheet”.)

1.2.2 Use the EBCDIC code as the use code.

1.2.3 Make the format of the magnetic tape as de-
scribed below.

(1) No leading tape mark

(2) No label

More Than 600 Frames)
(3) Recordsize ............. 80 byte/1 record
(4) Block size ............. 10 records/1 block
(5) The end of the file should be indicated by 2
successive tape marks (TM).
1.2.4 Ensure that the magnetic tape becomes of 1
roll for each chip. Since extending the single-chip
portion over several rools is impermissible, submit
by compiling into the single-chip portion for each
roll.

2. Data Mode

2.1 HMCS6800 Load Module Mode

This mode is the object mode output from the

assembler of HMCS6800.

2.1.1 Divide the 8 bit code into the upper and

lower 4 bit codes and convert each into hexadecimal

notation.

(Example) The code of 1100 0110 becomes as
follows under binary notation.

(Upper 4 bits) (Lower 4 bits)

Bit weight
D, D, D, D, D, D, D, D, (ROM output
1 1 0 0 01 1 0 equivalence)

2.1.2 The composition of the load module mode is
shown below by taking the case of paper tape as the
example. The numbers written in the tape are ASCII
code hexadecimal numbers of the data.

—ow

Block 1 Block 2 Block 3

x4
E4al
om
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Frame

Mask ROM Programming Instruction

]

Max. 70 frame

Byte count

Check sum

i

} Leader(NULLS)
0 D (CR)
0 A ‘LF)
0 0 (NULL)4
5 3 S = Head of Record
c_C CC= Type of Record
b— —} Byte Count
2 Frames = 1 Byte
-
- j Address Size
- —
4 3 Data
3 6
- - * Data
1
i
]
|
|
1
— — } Check Sum
.

(Note) The check sum is a technique which disregards the complement on one of each bit sum of the 8 bits.

2.1.3 The actual load module mode becomes as
shown below.

CC=30 CC=3i CC=3%
Header Data End of
record record file record
Frame
1 Record Start 5 3 S 5 3 S 5 3 S
2 Record Type 30 0 31 1 3 9 9
3 3 0 31 3 0
03
. _Byte Count b 06 36 16 3 3
5 30 31 30
6 30| go00 31 301 9000
7 Address Size 30 30 1100 30
8 3 0 3.0 3.0
9 3 4 39 4 6 ( Check
-] F
o D 38| M s e °F « 3] ¢ sum)
3 4 30
Ds -
ata P 44-D 3 2 02
3 5
Data 3 2 52-R
8 1118 (Check Sum) | 4 1
N Check Sum 42 38 A8 (Check Sum )

SO0 indicates the head of the file and S9 indicates the
end of the file. The actual data enters following S1.
It means that the data starts from the address
(hexadecimal) indicated in the address size. The
address of the address size of the data recorder is
compared with the next data recorder address by

Example

counting in increments of 1 byte of the data and
checking whether it is sequential or not. In places
where the address is skipped, the data of 00 or FF
enters hexadecimally. The printed example of the
paper tape of the HMCS6800 load module mode is
as shown below.

Data Record

Data Record
End of
File Record

—S9030000FC

Header Record - S00B000058204558414D504CB5S
—-S113F0007EF5587EF7897EFAA77EF9CO07EF9C47E24
—-S112F010FA657EFA8B7EFAA07EF9DC7EFA247E06
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2.1.4 The ROM code data are capable of handling

the following 4 types of cases. A header recorder is

required in front of the data recorder and an end of

file recorder at the back of the data recorder.

(1) Case when the data reaches full capacity of

ROM

The ROM recorder for 1 chip enters into the data

recorder. Since the address of the address size of the
data recorder counts the data and

v checks whether or not it is in
? A4 a sequential address, it becomes
7 2 necessary that the address not be
2 4 skipped. The ROM head address
// > /C column of the “ROM Specific-

ROM ation ldentification Sheet’’ beco-

mes 0.
(2) Case when data is input from en route of ROM
In this case, perform entry by

P decimal notation in the ROM
(00 or FF) head address column of the
g////74 “ROM Specification ldentifica-
728 tion Sheet” on which ROM
7 Y, address you wish to input the

ROM data. The data 00 or FF will
enter into the blank address by
hexadecimal notation.

(3) Case when data is input by skipping inter-
mediate address

The address of the address size

of the data recorder is counted

% Du/n/IZ in increments of 1 byte of the
7. data, compared with the next

3,';":, FF) address of the data recorder and
I checked whether or not it is
455 o sequential. The data 00 automat-

ROM ically enters by hexadecimal

notation into the ROM code of
the skipped address. Therefore,
the writing of data as in the
following drawing is also possi-
ble. In this case, perform entry
into the ““ROM Specification
Identification Sheet”” that the
ROM head address enters from O
address for data | and from
which address it enters for data
1.

(4) Case when the data is less than the full capacity

of ROM

In case the data volume is less

]

7 7 than the total byte capacity of
. ™ 71 ROM LSI when the end of file
2 .

L recorder appears, it becomes

(‘3'(;';’;’ ) written as the ROM code as

shown in the following drawing.
(Example) Indicates the example of the paper tape
when the data recorder is S1141920B6-
FC...

000 OO

o O 00000
o o0 O
00000000000000000000000000000

(o]
00000000 O
0000000 O

o
0000 O 000

000000000000 000000O0 OO,

2.2 BNPF Mode

2.2.1 One word is symbolized by the word start

mark B, the bit content represented by 8 characters

of P and N, and the BNPF slice composed of

successive 10 characters of the work end mark F.

2.2.2 The contents from F of one BNPF slice up to

B of the next BNPF slice are ignored..

(Example) The code of OF by hexadecimal nota-
tion -is symbolized as shown below (in
case of paper tape)

2.2.3 It is necessary to defignate the bit pattern

(BNPF slice) on all ROM addresses. Therefore, the

term of the ROM head address of ““ROM Specifica-

tion ldentification Sheet’’ always becomes 0.

B . Indicates start of 1 word.
N ... Indicates “0” of 1 bit data.
P Indicates “1” of 1 bit data.
F o Indicates end or 1 word.
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00000 o
0000 o
©0000000000000000000000000000000009

0000

0000

0000000000

o

B N N N N p P PP F
Dr Ds Ds Di Dy D2 D Do

Note 1) Sometimes X is used besides P and N in the Mask ROM Development Flowchart

Mask ROM Programming Instruction

Customer

display of the word content by the BNPF

Hitachi

slice.

X means that the user is not concerned
whether the bit is P or N. However, since it
is necessary to decide the P or N for
performing tests, Hitachi performs selec-
tion of P or N. The results are informed by
making entry in the identification table.

ROM Code “"Customer
Part Number’
Chip Select
Select Either and Other

of the three Information

CJof Q

Note 2) The contents of the BNPF slice are not
only those with the continuation of PN
and the form of B*nF can also be used.
This means that the content of the slice
existing just prior to this word will be
repeated for n words from this word.

For example, when B*4F exists at the 10th

word, it means that the content of the 9th

Computer Processing

Output With
the Same a3 Input

word will be repeated in the 10th, 11th,
12th and 13th words. (However, it does

not necessarily follow that the X content
of Note 1 above will be repeated.) n shall
start from 1 and be a number below the
total addresses of ROM.

When a certain block is not used (when an
unused ROM address exists), disposition

can be made by utilizing Notes 1 and 2.

Note 3)

Mask Preparation
Instruction

Investion

Pattern 0K

Check

@ HITACHI
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HM472114 A-1,HM4 72114 A-2
HM472114AP-1HM472114 AP-2

1024-word X 4-bit Static Random Access Memory

® Fast Access Time

Low Operating Power
Single +5V Supply

Completely Static Memory
Fully TTL Compatible

EBLOCK DIAGRAM

HM472114A-1
HM472114A-2

150ns (max.)
200ns (max.)

200mW (typ.)

. No Clock or Refresh Required
All Inputs and Outp
Common Data Input and Output Using Three-state Qutputs
N-channel Si Gate MOS Technology
Pin Equivalent with Intel 2114L Series

HM472114A-1, HM472114A-2

(DG-18)

HM472114AP-1, HM472114AP-2

Ao
As O—E ~—0 Ve
Ao B [T | ey Mae | =0 OND
Decoder 64 X64
Apo—P§]
——
Mo
O S > S—
I I
/o o—-—:?—— —
— Colunm 1/0
1o o E l[;‘:: Column Decoder (DP-18)
1/03 O— Control
ouo HPIN ARRANGEMENT
E Ao A1 A2 Al \ J
AlE 18| Vee
= A,E 17] A
AcE 6] As
WE A;E 15] As
Ao 11] 1/0:
HABSOLUTE MAXIMUM RATINGS Ar E B 1/0:
Item Symbol Value Unit AzE 12| 1/0s
Terminal Voltage®* Vr —0.5 to +7 \% Tsl» 1) 1/04
Power Dissipation Pr 1.0 w onpf @ E WE
Operating Temperature Topr 0 to +70 °C
(Top View)
Storage Temperature (Ceramic) T —65 to +150 ‘C
Storage Temperature (Plastic) T —55 to +125 ‘C
#* In respect to GND.
HRECOMMENDED OPERATING CONDITIONS
Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5
Vio —0.5 — 0.8 v
Input Voltage
Viu 2.0 — Vec+1.0 v
Operating Temperature Toor 0 - 70 C
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HM472114A-1, HM472114A-2, HM472114AP-1, HM472114AP-2

DC AND OPERATING ELECTRICAL CHARACTERISTICS (Vcc=5V*10%, Ta=0 to +70°C)
Item Symbol Test Condition min typ max Unit
Input Leakage Current I Via=0~5.5V — - 10 KA
1/0 Leakage Current | Lo | CS=2.0V, Vi,0=0.4V~Vcc — - 10 KA
Supply Current Icc Via=5.5V, I1,0=0mA — 35 60* mA
Vie —0.5 — 0.8 \Y%
Input Voltage
Vin 2.0 - Vee+1.0 v
Vo IoL=2.1mA - — 0.4 \'
Output Voltage v Ion=—0.6mA (Vcc=4.5V) 2.4 - — v
o Tow=—1.0mA (Vcc=4.75V) 2.4 — —
Note) * :in respect to HM472114A/AP-2. This value of HM472114A/AP-1 is 70mA.
ECAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Test Condition min typ max Unit
Input Capacitance C. V=0V — 3 5 pF
1/0 Capacitance Ciio Viso=0V — 5 7 pF
BAC ELECTRICAL CHARACTERISTICS (Vec=5V+10%, Tae=0 to +70°C)
®AC TEST CONDITIONS
INpuUt Level =+ csvreeerenneneennenenennns 2.4V, 0.8V
Input Rise and Fall Time -:--:--cecveceenns 10ns
Timing Measurement Level - -:-:ccceerenenen 1.5V
Output Load =+ - rvreererennnnaeteeaaas 1 TTL + 100pF
®READ CYCLE
HM472114A-1 HM472114A-2
Item Symbol - - Unit
min max min max
Read Cycle Time trc 150 — 200 — ns
Access Time ta — 150 — 200 ns
C S to Output Valid tco - 70 — 70 ns
C S to Output Active tex 10 et 10 — ns
Output 3-state from Deselection toro - 60 — 60 ns
Output Hold from Address Change tona 20 - 50 — ns
tre(TC(A)) 1
Address X k
SN A
NNNNNNNGY i 7
tco totn *
(TSLDQV) %TSHI‘)QZ)
X TOHA
(TSLDQX) (TAXDQX)
Y/
- K Xr—
ta(TACA)
e 7, / N N
NOTE: 1) torp defines the time at which the outputs achieve the open
circuit condition and is not referenced to output voltage levels.
G HITACHI &7



HM472114A-1, HM472114A-2, HM472114AP-1, HM472114AP-2

O WRITE CYCLE

HM472114A-1 HM472114A-2
Item Symbol Unit
min max min max
Write Cycle Time twe 150 — 200 - ns
Address to Write Setup Time taw 20 - 20 — ns
Write Pulse Width tw 120 — 120 - ns
Write Release Time twr 0 - 0 — ns
Output 3-state from Write torw — 60 — 60 ns
Data to Write Time Overlap tow 70 — 120 — ns
Data Hold from Write Time ton 0 — 0 . ns
L we(TC(A)) |
w n(.:{TH(A) )*3
AN,
T OANNNNNNNR Z L
taw * 2
(TS(A)) w(TW(W))*1

WE N

N—

4

torw * 6
(TWLDQZ)
Dout SONANNN AN
L L
. . tow ton
5 4 (TS(DQ)) (TH(DQ)) .5
bin a% N NN
N L/ "_“\\ 7 \J,"\ >
NOTE:

1) A WRITE state occurs during the overlap of a low CS and low WE (ty).
2) taw is measured from the address setting to the latter of CS or WE going low.
3) twRr is measured from the earlier of CS or WE going high to the end of the

write cycle.

4) During this period 1/O pins are in the output state, the input signals of oppo-
site phase to the outputs must not be applied to them.

5) If CSis low during this period, I/O pins are in the output state. Then the input
signals of opposite phase to the outputs must not be applied to them.

6) toTw defines the time at which the outputs achieve the open circuit condition
and is not referenced to output voltage levels.

@ HITACHI



Access Time(Normalized) Access Time(Normalized)

Output Source Current oy (mA)

0.9

0.8

0.7

0.9

0.8

0.7
0

6

ACCESS TIME vs. SUPPLY VOLTAGE

Ta=70"C

4.0 44 4.8 5.2 5.8 6.0

Supply Voltage Vec (V)

ACCESS TIME
vs. OUTPUT LOAD CAPACITANCE

Vec=4.5V
Ta=25C

100 200 300 400 500

Output Load CapacitanceCL (pF)

OUTPUT SOURCE CURRENT
vs. OUTPUT VOLTAGE

Vec=4.5V
Ta=70C

0 1 2 3 4 5

Output Voltage Vou (V)

G HITACHI

Access Time(Normalized)

Supply Current(Normalized)

Output Sink Current IoL (mA)

HM472114A-1, HM472114A-2, HM472114AP-1, HM472114AP-2

ACCESS TIME vs. AMBIENT TEMPERATURE

09 /
Vee=4.5V
0.8
0.7
—-20 0 20 40 60 80

iAmbient Temperature Ta ('C)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

1.3

N

N

~—
Vec =5.5V
0.8
0.7
-20 0 20 40 60 80
Ambient Temperature Ta (‘C)
OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE
6
s /
4
3 /
2 /
Vec=4.5V
Ta=70"C
1
0
0 0.1 0.2 0.3 04 0.5
Output Voltage Vor (V)
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HM472114-3,HM472114-4
HM472114P-3,HM472114P-4

1024-word X 4-bit Static Random Access Memory

® AccessTime .................. HM472114-3 300ns (max.)
HM4721144 450ns (max.) HM472114-3, HM472114-4

® LowOperatingPower ...................... 200mW (typ.)

o Single +5V Supply Voltage

® Completely Static Memory .... No Clock of Refresh Required

® Directly TTL Compatible ............ All Inputs and Outputs

® Common Data Inputs and Output

® Three-state Outputs

e DCStandbyMode ........................ Reduces Vcc

® N-channel Si Gate MOS Technology

® Interchangeable with Intel 2114L Series

(DG-18)

EBLOCK DIAGRAM
HM472114P-3, HM472114P-4

[P —
> S— —o e
—
Az @_——E Row Memory Matrix ~—o0 GND
o P > 6464
-
mo—— P8

] i

Column 1/0

1/01 O

Il

Input

1/0z2. 00—
Data Column Decoder

N
5
1/0s O Control
(DP-18)
e it O R <

A A A A A HPIN ARRANGEMENT

s o—p—q \J N ~ 18 vee
- Aol Sl R
WE AsE 17 | A7
AJE 16 | As
EABSOLUTE MAXIMUM RATINGS A’E v I
Item Symbol Value Unit
AoE u |vo.
Terminal Voltage Vr —0.5 to +7 v
Power Dissipation Pr 1.0 w A'[e: 13 J1/0:
Operating Temperature Topr 0 to +70 C AzE 12 | 1/0s
Storage Temperature (Ceramic) Tt —65 to +150 C EéE 11 1/0
Storage Temperature (Plastic) Tt —55 to +125 ‘C _
GNDE 10 | WE
HRECOMMENDED DC OPERATING CONDITIONS (Top View)
Item Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5 A%
Vi —0.5 — 0.8 \Y
Input Voltage
Vi 2.0 - Veet+1.0 \'
Operating Temperature T.pe 0 — 70 °C
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HDC AND OPERATING

ELECTRICAL CHARACTERISTICS (Vec=5V+10%, Ta=0~+70°C)

HM472114-3, HM472114-4, HM472114P-3, HM472114P-4

Item Symbol Test Condition min typ max Unit
Input Leakage Current I, Via=0~5.5V — — 10 KA
1/0 Leakage Current |10 CS5=2.0V, Vi,o=0.4~Vcc — — 10 HA
Supply Current Icc Via=5.5V, I;,0=0mA — 35 60 mA
Vie —0.5 - 0.8 v
Input Voltage
Vin 2.0 — Vee+1.0 \'
Voo IoL=2.1mA - - 0.4 v
Output Voltage Ion=—0.6mA, Vcc=4.5V 2.4 - -
Vou v
Ton=—1.0mA, Vcc=4.75V 2.4 — —
BCAPACITANCE (Ta=25'C, f=1MHz)
Item Symbol Test Condition min typ max Unit
Input Capacitance Ci Via=0V — 3 5 pF
1/0 Capacitance Cio Vi o=0V —_ 5 10 pF
BAC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
INPUL LeVel ««tovrernrnenennnnenennenenns 2.4V, 0.8V
Input Rise and Fall Time «+«--.cocvvninnn.. 10ns
Timing Measurement Level - +++vveveevnnn.. 1.5v
Output Load = +cevvvrnrnrnnnnnnineieenas 1 TTL and 100pF
O READ CYCLE
HMA472114-3, HM472114P-3 | HM472114-4, HM472114P-4
Item Symbol - - Unit
min max min max
Read Cycle Time trc 300 - 450 - ns
Access Time ta - 300 — 450 ns
CS to Out‘put Valid tco — 100 - 120 ns
TS5 to Output Active icx 20 — 20 — ns
Output 3-state from Deselection toro - 80 — 100 ns
Output Hold from Address Change tona 50 - 50 — ns
Address >< >[\
5 N / 4
*
T ]
tex e-tonae-]
Dout
12
\
T ZZ i \ \
NOTE: 1) tprp defines the time at which the outputs achieve the open
circuit condition and is not referenced to output voltage levels.
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HM472114-3, HM472114-4, HM472114P-3, HM472114P-4

HWRITE CYCLE

HM472114-3, HM472114P-3 | HM472114-4, HM472114P-4
Item Symbol Unit
min max min max
Write Cycle Time twe 300 — 450 - ns
Address to Write Setup Time taw 20 — 50 — ns
Write Pulse Width tw 150 — 200 — ns
Write Release Time twr 0 — 0 - ns
Qutput 3-state from Write torw — 80 — 100 ns
Data to Write Time Overlap tow 150 — 200 — ns
Data Hold from Write Time ton 0 — 0 — ns
Address y(
- tun"
cs
NNk Y
BED 1,
WE N 4
N /
toTw
[=—tDW" 2
s 4)
Di / \/ /—N\ 7‘\ INNIN S
" j\ FIVAVAVAVAVAN
Notes: 1) Both CS and WE are paced in the WRITE state during low level

52

period (ty).

2) t is an interval from the address setting through the catter of
C@ﬁgr WE going low.

3) twg is from the earlier rise pulse of CS or WE till the end of the
write cycle (twc).

4) During this period the pulse is output state so that the input signal
which is the opposit phase to the output must not be applied to
the I/O terminal,

5) During this period, when the CS signal is at low level, the pulse is
output so that the input signal which is the same in phase with the
output data may be applied, if required. Do not however apply the
input signal of reverse phase.

6) toTw defines the time at which the outputs achieve the open
circuit condition and is not referenced to output voltage levels,

O HITACHI



HM4334-3,H4334-4

HM4334P-3,HM4334P-4

1024-word X 4-bit Static CMOS RAM

BFEATURES
o Single 5V Supply
® Low Power Standby and
Low Power Operation;
® Access Time; HM4334/P-3:
HM4334/P-4:-

Standby:
Operation:
300 ns (max.)
450 ns (max.)

@ Directly TTL Compatible: All inputs and outputs

@ Common Data Input and Output using Three-state Outputs

® On Chip Address Register

EBLOCK DIAGRAM

10uW (typ.)
20mW (typ.)
(5V+5%)
(5V+10%)

Aio—
As ~———oVce
Aso— Latched |: | Row Memory ——oGND
Aro— Address | : Decoder Matrix
As Register | ! 64 X 64
Ago—
vo : 0
Zen g Column Decoder
sof =
Latched
Address
Register
WEo Clock Clock l l l l
W Gen. Gen.
T Ao A1 Az As
CE
HABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage On Any Pin* Vr —0.3 to Vec +0.5
Power Supply Voltage* Vee —0.3 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature (Plastic) Tuee —55 to +125 ‘C
Storage Temperature (Cerdip) Tus —65 to +150 °C

* with respect to GND

@ HITACHI

HM4334-3, HM4334-4

(DG-18)

HM4334P-3, HM4334P-4

(DP-18)

HPIN ARRANGEMENT

Aem ~
—

As[z

AcE

AsLT_

ADE

181 Vee
| —J

[17] A
[16] As
[15] 4
[14]1/0,
[13]1/0:
[12]1/05
1] /04

10| WE

(Top View)




HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

ERECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)

ftom Symbol : HM4334/P-3 : HM4334/P-4 Unit
min typ max min typ max
Vee 4.75 5.0 5.25 4.5 5.0 5.5 \'/
Supply Voltage
GND 0 0 0 0 0 0 \%
Vin 2.4 — Vec+0.5 2.4 — Vee+0.5 \4
Input Voltage
Vi —0.3 — 0.8 -0.3 — 0.8 v
HDC AND OPERATING CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334/P-3 : Voc=5V+5%, HM4334/P-4 . Vec=5V+10%)
Item Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=0 to Vec —-1.0 — +1.0 HA
Output Leakage Current Io CE=Vin, Vou=0 to Vcc -1.0 — +1.0 KA
Operating Power Supply Current Jear CE=OV, Viv=Vec, Li/0=0 - — 1.0 mA
Icc: CE=0.8V, Vix=2.4V, I;,0=0 _ 2.5 5.0 mA
Average Operating Current Iccs Vin=0 or Vce, f=1MHz, duty 50%, I.,0o=0 — 4 7 mA
Standby Power Supply Current IccL CE=2Vec—0.2V — 2 100 HA
Vor ToL=2.0mA - — 0.4 v
Output Voltage
Vou Ioy=—1.0mA 2.4 — — \'
BCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
1/0 Terminal Capacitance Cro Vi o=0V — 7 10 pF
Input Capacitance Cin Vi.=0V — 3 5 pF
HAC CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334/P-3 : Vcc=5y:t5%, HM4334 /P-4 : Vec=5VE10%)
HM4334/P-3 HM4334/P -4 .
Item Symbol Unit
min typ max min typ max
Read or Write Cycle Time®* TELEL tc 460 - - 640 — - ns
Chip .Enable Access Time TELQV tac - — 300 — — 450 ns
Chip Enable to Output Active TELQX tcx 50 — — 50 - — ns
Output 3-state from Deselection TEHQZ torm — - 100 — — 100 ns
Write Enable Output Disable Time TWLQZ torrz — — 100 — — 100 ns
Chip Enable Pulse Width** TELEH tce 300 — - 450 — = ns
Chip Enable Precharge Time TEHEL tp 120 - — 150 — — ns
Address Hold Time TELAX tan 100 — — 100 — — ns
Address Setup Time TAVEL tas 20 — — 20 — — ns
Read Setup Time TWHEL trs 0 - — 0 — — ns
Read Hold Time TEHWL tru 0 - — 0 — — ns
Write Enable Setup Time TWLEL tws —20 - - —-20 — -~ ns
WE to CE Precharge Lead Time TWLEH twpL 300 - - 450 — - ns
Chip Enable to Write Enable Delay Time | TELWL tcwp 300 — — 450 — — ns
Write Enable Hold Time TEHWH tewn 0 — - 0 — — ns
Write Hold Time TELWH twn 300 — — 450 — — ns
Data Input Setup Time ;gzg: tos 200 — — 350 — - ns
Data Hold Time TIEDX | ton 0| — — 0o | - — | ns
Write Data Delay Time TWLDV twos 100 - 100 — — ns
Chip Enable Rise/Fall Time TT tr — — 300 — — 300 ns

* TELEL(tc)=TELEH(tce)+TEHEL(tp)+t,(20ns)+t,(20ns)
**% For Read Modify Write Cycle, TELEH (tce)=TELWL(tcwo)+TWLEH(twp)+1,(20ns)

G HITACH!
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BAC TEST CONDITIONS

InputLevel -t viiiiiiiiiiiiiiinn 24V,08V
InputRiseand Fall Time - -+« - ceovvnennncnn 20ns
Timing Measurement Level. « . .. ..covivenennn 24V, 08V
Reference Level ....... ..o, VOH = 2.0V, VoL = 0.8V
Outputboad .. ..ot 1TTLandC = 100 pF
®READ CYCLE s
TELAX (tan)|
TELEL(tc)
TAVEL TELEH(tcr) TEHEL(tp)
(tas) ¢
. 3 y
CE \L ' N
TWHEL
(tas)

TEHWL(trw)

WE _ZZ/ TELQV(t4c) \\\\

HICH-Z

TELQX(tcx)

DA

Vo

YAVAVA

VALID DATA OUTPUT

TEHQZ(torr1)

HIGH-Z

Note) *; TEHQZ (tpfrfr,) defines the time at which the outputs
achieve the open circuit condition and is not referenced to

®WRITE CYCLE

output voltage levels.

TELAX(tax)
TELEL(tc)
TELEH(tcE) TEHEL(tr)
X
TELWH (twa)
w N
TDVWH
TEHDX (ton)
TDVEH(¢os)
7 HIGH-Z VALID-DATA INPUT HIGHZ

Note) tpg and tpyy are measured from the earlier of CE or WE going high.

® READ MODIFY WRITE CYCLE

XXOOUOOUNK_—

Ao~As :XX>< VALID ADD.

TELAX(tar)
TELEL(tc) B
T TELEH(tce) TEHEL(te)
CE \(
TWHEL|
(t2s) TELWL(tcwo) TWLEH(twrr)
TEHWH( tewn)
w /) Y777
TELQV (tac) L
TWLDV(twps),
TELQX(tex) TWLQz TDVER
((torrz) (tos) TEHDX(tow)
vo HIGH 2 4 SO para our INPUT DATA —ICH-Z

1
HIGH-Z

TWLQZ (tpgF,) defines the time at which the outputs achieve
the open circuit condition and is not referenced to output

voltage levels.

G HITACHI
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4

© CURRENT WAVEFORM

=\ /T \

30

Icc(mA) 20

[NOTE] Vc¢c =5.0V, Tq = 25°C
HLOW V.. DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)

Item Symbol Test Condition min typ max Unit
Vee for Data Retention Vor CEzVcc—0.2V 2.0 — . v
Data Retention Power Supply Current Iccor Vor=3.0V — 0.5 50 HA
Chip Deselection to Data Retention Time tcor 0 — — ns
Operation Recovery Time tr trc* — — ns

* tgrc=Read Cycle Time

®LOW V.. DATA RETENTION TIMING

DATA RETENTION MODE

TCE2Vcc —02V

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE

T
Ta=25C Vee=5V
5 /
i /’/
0.5

V4

0.5

Supply Current (Stand By) IccL (Normalized)
5
Supply Current(Stand By) IccL (Normalized)

0.1

3.0 5.0 6.0 01
Supply voltage Vcc (V)

0 20 40 60 80
Ambient Temperature Ta (C)
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Access Time(Normalized)

Average Supply Current Icca (mA)

Input Voltage (V)

ACCESS TIME vs. SUPPLY VOLTAGE

Ta=70"C

08

0.6

04

4.0 50

Supply Voltage Vcc (V)

6.0

AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE
12

Ta=25C
10
8
6
/V
4
] ull
2
0 10 507 60
Supply Voltage Vcc (V)
INPUT VOLTAGE
vs. SUPPLY VOLTAGE
25
Ta=25"C
Vin(m 2
20 ]
/
—]
15 ViL(max)—y
/
—
—]
10
05 4.0 5.0 6.0

Supply Voltage Vcc (V)

@ HITACHI

Input Voltage (V)

ACCESS TIME
vs. AMBIENT TEMPERATURE

16 l
Vee=4.5V
14
3 12 -
= L
g /
2 10 ,/
g
2 08
<
06
04
-20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
AVERAGE SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
12
~ 10
E Vee=5V
g g
5 s
=
2 A
]
< 2
u—20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
INPUT VOLTAGE
vs. AMBIENT TEMPERATURE
25
Vee=5V
20 g
—
\- Via(min)
T
15
—
'\"\\ ViL(max)
10
05
-20 0 20 40 60 80 100
Ambient Temperature Ta (C)

HM4334-3, HM4334-4, HM4334P-3, HM4334P-4
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HM4334P-3L,HM4334P-4L

1024-word X 4-bit Static CMOS RAM

BFEATURES
® Single 5V Supply

® Low Power Standby and Standby: 10uW (typ.)
Low Power Operation; Operation:  20mW (typ.)

® Fast Access Time; HMA4334P-3L: 300 ns (max.) (5V+5%)
HM4334P-4L: 450 ns (max.) (5V+10%)

® Directly TTL Compatible: All inputs and outputs
o Common Data Input and Output using Three-state Outputs
@ On Chip Address Register

HWBLOCK DIAGRAM

(DP-18)

Aso—
Aso—] ] |——o Ve HPIN ARRANGEMENT
Aso— Latched |: Row Memory ———oGND
Aro Address | : Decoder Y Matrix T\
As Register | ! i 64 X 64 A_sL—l_-_ EVCC
Aso—
1/0 1 T 73 ASE EA:
1
A
2 | (I:/O \ Column Decoder A E _1—5] ¢
3 ontrol
‘ 1 w[4] 15] 40
Latched
Address AOE E 170,
Register A E EI/O:
WEo—] Clock Clock l l l l
Gen. Gen. Azl 7 12]1/0
T Ao A1 A2 As ZE :] :
CE cE[3] [11]1/04
GND| 9 10| WE
HMABSOLUTE MAXIMUM RATINGS
Top Vi
Item Symbol Rating Unit (Top View)
Voltage On Any Pin* Vr —0.3 to Vect+0.5 v
Power Supply Voltage* Vee —0.3 to +7.0 A
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature T —55 to +125 ‘C
* with respect to GND
ERECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
HM4334P-3L HM4334P-4L
Item Symbol Unit
min typ max min typ max
Susnly Vol Vee 4.75 5.0 5.25 4.5 5.0 5.5 A
upply Voltage
P GND 0 0 0 0 0 0 v
Vin 2.4 — Vee+0.5 2.4 - Vec+0.5 v
Input Voltage
Vie —0.3 - 0.8 —0.3 - 0.8 \Y%
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lDC AND OPERATING CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334P-3L . Vec=5V15%, HM4334P-4L : Vec=5V+10%)

HM4334P-3L, HM4334P-4L

Item Symbol Test Condition min typ max Unit
Input Leakage Current I, Vin=0 to Vcc —1.0 - +1.0 HA
Output Leakage Current Io CE=Vis, Vou=0 to Vcc -1.0 — +1.0 uA
Icc CE=0V, Viv=Vee, I1,0=0 - - 1.0 mA
Operating Power Supply Current
Icc: CE=0.8V, Vix=2.4V, I, 0=0 — 1 2.5 5.0 mA
Average Operating Current Iccs Vin=0 or Vecc, f=1MHz, duty 50%, I, 0=0 — 4 7
Standby Power Supply Current Icce CE2Vcc—0.2V — 2 20 HA
Output Voltage Vo Tor=2.0mA — — 0.4 v
Von Ion=—1.0mA 2.4 — — v
BCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
1/0 Terminal Capacitance Cio Vi o=0V — 7 10 pF
Input Capacitance Cin Va=0V - 3 5 pF
BAC CHARACTERISTICS
(Ta=0 to +70°C, GND=0V, HM4334P-3L : Vec=5VE5%, HM4334P-4L @ Voc=5V+10%)
HM4334P-3L HM4334P-4L
Item Symbol Unit
min typ max min typ max
Read or Write Cycle Time* TELEL te 460 - - 640 — — ns
Chip Enable Access Time TELQV tac — - 300 - — 450 ns
Chip Enable to Output Active TELQX tex 50 - — 50 — — ns
Output 3-state from Deselection TEHQZ torm - - 100 - — 100 ns
Write Enable Output Disable Time TWLQZ torr: - - 100 - - 100 ns
Chip Enable Pulse Width** TELEH tce 300 - — 450 — — ns
Chip Enable Precharge Time TEHEL tp 120 - - 150 - — ns
Address Hold Time TELAX tan 100 - - 100 — — ns
Address Setup Time TAVEL tas 20 - — 20 — — ns
Read Setup Time TWHEL trs 0 - - 0 - — ns
Read Hold Time TEHWL 177 0 - - 0 — — ns
Write Enable Setup Time TWLEL tws —20 - - —20 — — ns
WE to CE Precharge Lead Time TWLEH tweL 300 - - 450 — — ns
Chip Enable to Write Enable Delay Time | TELWL tewo 300 - - 450 — —_ ns
Write Enable Hold Time TEHWH tewn 0 - - 0 - - ns
Write Hold Time TELWH twy 300 - b 450 — - ns
Data Input Setup Time $g¥g: tos 200 - — 350 — — ns
Data Hold Time TN e 0| - - 0| - — |
Write Data Delay Time TWLDV twos 100 - — 100 — — ns
Chip Enable Rise/Fall Time TT tr - - 300 - — 300 ns
* TELEL (tc)~TELEH (tce)+TEHEL (2p)+t, (20ns)+1,(20ns)
*% For Read Modify Write Cycle, TELEH (tce)=TELWL (tcwo)+ TWLEH (twp.)+1,(20ns)
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HM4334P-3L, HM4334P-4L

BAC TEST CONDITIONS

Inputlevel .....iiiiiiiiiiiiiiiinnennnn, 2.4Vv,08V
Input Riseand Fall Time . .- ......ocven... 20ns
Timing Measurement Level ................. 2.4V, 0.8V
Reference Level - . .......coiiiiiinannn, VOH = 2.0V, VgL = 0.8V
Output Load -« v vvvvienininenenennnnns 1TTL and C_ = 100pF
®READ CYCLE Ao~ As XXX! VALID ADD. NEXT ADD.
TELAX (tan))
TELEL(tc)
TAVEL TELEH(tcr) TEHEL(te)
@ / \
TWHEL|
(tas)
TEHWL (tan)
&/ {/ TELQV(tac) \ \ } } } E
TELQX(tcx) TEHQZ(torr1) *1

. — .
Vo %—_2% VALID DATA ouTPUT [ HIGHZ

NOTE) *:TEHQz (foFF,) defines the time at which the outputs achieve the
open circuit condition and is not referenced to outputs voltage level.

TELAX(tar)
TELEL(tc)

®WRITE CYCLE

TELEH(tcs) TEHEL(te)
* 1 N\
TELWH(twa)
WE
TDVWH TWHDX
TDVEH(105) | TEHDX (1s0)

o —i'ﬂ'—L—< VALID DATA INPUT MIGHZ

NOTE) tpg and tpy are measured from the earlier of CE or WE going
high.
® READ MODIFY WRITE CYCLE

TELAX(tan)
TELEL(tc)
TAVEL]
(tas) TELEH(tce) TEHEL(tr)
— —
. \ R
TWHEL,
(ts), TELWL(tcwp) TWLEH(twre)
TEHWH (tewa)
= [/ | Y7777
TELQV(tac)
TWLDV(twos)
| TELQX(tcx) y TWLQZ TDVEH
|(torra)s (tos) | [TEHDX(ton)
vo HIGH 2 AVAVAY Fyuspsm NpUT DATA [ HIGHZ
HICH-Z

NOTE) *: TwLQz (torF,) defines the time at which the outputs achieve the
open circuit condition and is not referenced to output voltage levels,
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HM4334P-3L, HM4334P-4L

© CURRENT WAVEFORM

CE

30

Icc(mA) 201
10 -
ol

[NOTE] Vcc =5.0V,Ta = 25°C
BLOW V.. DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)

Item Symbol Test Condition mini typ max Unit
Ve for Data Retention Vor CEzVec—0.2V 2.0 - - \Y
Data Retention Power Supply Current Iccor Vor=3.0V - 0.5 10 HA
Chip Deselection to Data Retention Time tcor 0 — — ns
Operation Recovery Time tr trc* — — ns

* tac=Read Cycle Time

®LOW Vic DATA RETENTION TiMi

]

DATA RETENTION MODE

E2Vcc—02V

SUPPLY CURRENT (Standby) SUPPLY CURRENT (Standby)
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
10

T
Ta=25C
Vec=5V /
5

/

10

/

0.5

N

Supply Current(Stand By) Icc
5
Supply Current(Stand By) Icce
5

0.1 0.1
3.0 5.0 6.0 0 20 40 60 80

Ambient Temperature Ta ('C)

Supply Voltage Vcc (V)
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HM4334P-3L, HM4334P-4L

62

Average Supply Current Icc (mA) Access Time(Normalized)

Input Voltage (V)

ACCESS TIME vs. SUPPLY VOLTAGE

08

0.6

04

Ta=170'C
\
\\
\\
40 50 6.0

Supply Voltage Vec (V)

AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE

12

Ta=25C
10
8
6

—_——
4
——

]

2
0 -
40 5.0 6.0

Supply Voltage Vcc (V)

INPUT VOLTAGE
vs. SUPPLY VOLTAGE

25
Ta=25"
¢ ¢ Vin(min)
-
20 ]
//
15 Vie(max)—
-~
//
//
10
05 1.0 5.0 5.0

Supply Voltage Vee (V)

GO HITACHI

Access Time(Normalized)

mA)

Average Supply Current Icc (

Input Voltage (V)

ACCESS TIME
vs. AMBIENT TEMPERATURE

16
Vee=4.5V
14
12 -
//
1.0 /,/
1
08
06
04
=20 [ 20 40 60 80 100
Ambient Temperature Ta (‘C)
AVERAGE SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
12
10
Vec=5V
8
6
. —
2
320 0 20 40 60 80 100
Ambient Temperature Ta ('C)
INPUT VOLTAGE
vs. AMBIENT TEMPERATURE
25
Vee=5V
2.0 ]
'\\\ Vin(min)
15
-
\\\ Vi (max)
—
10
05
=20 0 20 40 60 80 100

Ambient Temperature Ta (C)



HM6148,HM6148-6
HM6148P,HM6148P-6

1024-word X 4-bit High Speed CMOS RAM

BFEATURES

® Single 5V Supply
® Fast Access Time

Low Power Standby and

Low Power Operation;

HEBLOCK DIAGRAM

Completely Static RAM;
No Peak Power-On Current
No Change of tacs with Short Deselected Time
Equal Access and Cycle Times
Directly TTL Compatible; All Inputs and Outputs
Three State Output

Common Data Input and Output
Pin-Out Compatible with Intel 2148

-...HM6148/P

70 ns (max.)
HM6148/P-6 85 ns (max.)
Standby: 100uW (typ)
Operation:  200mW (typ)

No Clock or Timing Strobe Required

HM6148, HM6148-6

(DG-18)

HM6148P, HM6148P-6

T a—
As o___‘%: ~=—o0 Vecc
As F_—E Row Memory Matrix © GND
Ao et
Ao D]
Ao———L (DP-18)
[ ]
170 oﬁ?—q
Col 1/0
= o HPIN ARRANGEMENT
1/02 0—— 1[;':: Column Decoder —\_J )
1/0s Control % % g H As E 18 | Vee
1371 < A E 17| A
1/04 0— i ?-—-— S 7
Ao A1 Az As |
AAE 16 | As
s AsE 151 A9
AOE 14| 1/0
WE AIE 13] /0,
HABSOLUTE MAXIMUM RATINGS AzE 12 | /05
Item Symbol Value Unit ﬁE 11 vo.
Terminal Voltage* Vr —0.52t0 +7.0 \J _
Power Dissipation _ Pr 1.0 w GND} 9 10 WE
Operating Temperature Topr 0 to +70 ‘C —
Storage Temperature (Plastic) Tue —55 to +125 °C (Top View)
Storage Temperature (Cerdip) Tus —65 to +150 ‘C
Storage Temperature** Tetscrinn —10 to +85 ‘C
* with respect to GND. A —1,0V (Pulse Width < 50ns)
*% Under Bias
BTRUTH TABLE
CS WE Mode Vcc Current 1/0 Pin Reference Cycle
H b Not Selected Iss, Ism High Z
L H Read Icc Dout Read Cycle
L L Write Icc Din Write Cycle

@ HITACHI
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HM6148, HM6148-6, HM6148P, HM6148P-6

BRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)

Item Symbol min typ max Unit
Suoply Volt. Vee 4.5 5.0 5.5 \4
upply Toltage GND 0 0 0 v
Vin 2.4 3.5 6.0 \%
Input Voltage
Vie —0.3* - 0.8 \%
* Vi. min=—1.0V (Pulse width=<50ns)
HDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=0V, Ta=0 to +70°C)
Item Symbol Test Condition min typ* max Unit
Input Leakage Current | Iur| Vec=5.5V, Via=GND to Vcc —_ —_ 2.0 HA
Output Leakage Current | Io | CS=Vis, Vi,o=GND to Vec — — 2.0 HA
I, CS=Vi, Ii,o= - mA
Operating Power Supply Current il — i, Tir0=0mA 35 80
Ica CS= VL, Minimum Cycle, Duty=100%, I, o=0mA — 40 80 mA
Average Operating Current Icce** Cycle=150ns, Duty=50%, I:,o=0mA — 35 - mA
Iss CS=Viu - 5 12 mA
Standby Power Supply Current —
Iss CS2Vec—0.2V, Via=0.2V or V..2Vcc—0.2V - 20 800 KA
Vi ToL=8mA -_ - 0.4 \Y%
Output Voltage o o
. Vou Ion=—3.2mA 2.4 — — A%
Notes) * Typical limits are at Vac=5.0V, Ta=25'C and specified loading.
*% 'Reference only.
BCAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min max Unit
Input Capacitance Ci. Via=0V - 5 pF
Input/Output Capacitance Cio Viso=0V — 12 pF
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C, unless otherwise noted)
®AC TEST CONDITIONS
InputPulse Levels « ..o oo vttt GND to 3.0V
Input Riseand Fall Times -« «......ovviiiiiiienn, 10ns
Input and Output Timing Reference Levels . .. .......... 1.5V
OUIPUL LOBA « v v vieien i iii it See Figure 1
Load Circuit (A) Ve Load Circuit(B) "
‘cc
510Q 510Q
* includes probe and Dout O——W
Dout jig capacitance <
» 33002 SpF
3300 30pF 1_j;
Fig. 1
HREAD CYCLE
HM6148/P HM6148/P-6
Parameter Symbol - - Unit
min max min max
Read Cycle Time trc 70 - 85 — ns
Address Access Time tan — 70 — 85 ns
Chip Select Access Time tacs — 70 — 85 ns
Output Hold from Address Change ton 5 — 5 — ns
Chip Selection to Output in Low Z* tLz 10 - 10 — ns
Chip Deselection to Output in High Z* thz 0 40 40 ns
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Deselection to Power Down Time tep - 40 — 40 ns

* Transition is measured £500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.
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HM6148, HM6148-6, HM6148P, HM6148P-6

HEWRITE CYCLE

HM6148/P HM6148/P-6
Parameter Symbol - - Unit
min max min max

Write Cycle Time twe 70 - 85 — ns
Chip Selection to End of Write tew 50 - 60 — ns
Address Valid to End of Write taw 65 - 80 — ns
Address Setup Time tas 15 - 15 — ns
twpr 50 - 60 s ns

Write Pulse Width*
twrz 65 - 80 — ns
Write Recovery Time twr 5 — 5 — ns
Data Valid to End of Write tow 30 — 35 — ns
Data Hold Time ton 5 - 5 - ns
Write Enabled to Output in High Z** twz 0 35 0 45 ns
Output Active from End of Write** tow 0 — 0 — ns

Notes) * When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, I/O pins remain in a high impedance
state. In this case twpi, in'the other case twp:(=twz+1iow).
*% Transition is measured +500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.

® TIMING WAVEFORM OF READ CYCLE NO.1"®

D ¢

[=—LOH

previous

data valid Data valid

Data out

©® TIMING WAVEFORM OF READ CYCLE NO.2"” ‘¥

= S» B
cs \ /Z
-
”
p———tr2z
High impedance . High impedance
Data out Data valid —
p=—tPD-
Vee supply
current

NOTES) 1. WE is high for Read Cycle.
2. Device is continuously selected, CS = Vi,
3. Address Valid prior to or coincident with CS transition low.
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HM6148, HM6148-6, HM6148P, HM6148P-6

® TIMING WAVEFORM O

Address )( 3(

F WRITE CYCLE NO.1(WE CONTROLLED)

[—

5 SSTL N T TI 77T

p—t4s:  ——— ] —
WE& N Y.

10w ——am} tDH
Din

Do

[«

pea tw 2 ;@} bee ton
7]

VA LA A5 A4 High Impedance

L . W . W - -

© TIMING WAVEFORM OF WRITE CYCLE NO.2(CS CONTROLLED) ‘"

PRI

Dout

D] High Impedance

Notes)

1.

2
3.
4

66

CS and WE are paced in the WRITE state during low level period
(tw).

. A write occurs during the overlap of a low CS and a low WE. (tyyp)

twr is measured from the earlier of CS or WE going high to the end
of write cycle.

. During this period, I/O pins are in the output state so that the input

signals of opposite phase to the outputs must not be applied.

If the CS low transition occurs simultaneously with the WE low
transition or after the WE transition, the output buffers remain in a
high impedance statg.

If CS is low during this period, I/O pins are in the output state.

Then the data input signals of opposite phase to the outputs must
not be applied to them.

Dout is the same phase of write data of this write cycle.
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Address Access Time taa (Normalized)
Supply Current Icc (mA)

Supply Current Icc (mA)

ACCESS TIME vs. Vi

1.2

Ta=25C

T~

10
0.9
0.8
45 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)

SUPPLY CURRENT vs. Ve

50

Ta=25C
40
/
30
/
20
10

45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)

SUPPLY CURRENT vs. Ta

50
Vee=5V
40
\\
e \\
\

20

10

0 20 40 60 80

Ambient Temperature Ta (°C)

G HITACHI

ACCESS TIME vs. Ta

HM6148, HM6148-6, HM6148P, HM6148P-6

1.2
Vee=5V
el
kS
i 11 -~
é >
2
<
: /
E L0 >
= /
«
a
K
S
<
g 0.9
<
2
0.8
0 20 40 60 80
Ambient Temperature Ta (C)
SUPPLY CURRENT vs. Vc
8
Ta=25C
z
~ 6
a
=2
&
H
f’, 4
H
= /
3
- /
- =
]
0
45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)
SUPPLY CURRENT vs. Ta
8
Vee=5V
g,
a
<2
&
~
2
2 4
ez
—
= 2
s
w
0
0 20 40 60 80

Ambient Temperature Ta ('C)
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HM6148, HM6148-6, HM6148P, HM6148P-6
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Supply Current(Stand By) IccL(Normalized)

SUPPLY CURRENT vs. Vc

(STANDBY)
10 T
Ta=25"C
5
/ I
1.0
0.5
01 3.0 5.0 6.0

Supply Voltage Vce (V)

G HITACHI

Supply Current(Stand By) IccL(Normalized)

SUPPLY CURRENT vs. Ta
(STANDBY)

10

Vee=5V /

y

//

0.5

/

0.1

20 40 60
Ambient Temperature Ta ('C)

80




HM6148LP,HM6148LP-6

1024-word X 4-bit High Speed Static CMOS RAM

HFEATURES

® Single 5V Supply

® FastAccessTime ............. HM6148LP 70 ns (max.)
HM6148LP-6 85 ns (max.)

® Low Power Standby and Low Power Operation;

Standby: 5uW (typ)  Operation: 200mW (typ)
Completely Static RAM; No Clock or Timing Strobe Required
No Peak Power-On Current
No Change of tacs With Short Deselected Time
Equal Access and Cycle Times
Directly TTL Compatible; All Inputs and Outputs
Three State Output
Common Data Input and Output
Capability of Battery Back Up Operation
Pin-Out Compatible with Intel 2148

EBLOCK DIAGRAM

Ao
L iy > S— - Ve
Ato_%: Row Memory Matrix ° GND
Decoder o2 % i
mo——— g1 B4t
Ao
P — b S—
1/0 O—T—j r—— b
! — Column 1/0
N
1/0s Input Column Decoder
Data
1/03 00— > control VITTTIT
|-
1/04 0 B__
Ao A1 A2 Ay
cs
WE

EABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Terminal Voltage* Vr —0.50t0 +7.0 \Y
Power Dissipation Pr 1.0 w
Operating Temperature Tope 0 to +70 °C
Storage Temperature Tous —55 to +125 °C
Storage Temperature** Toiectinn —10 to +85 ‘C

* with respect to GND. A —1.0V (Pulse Width < 50ns)
*% Under Bias

@ HITACHI

(DP-18)

HPIN ARRANGEMENT

o[
o
45
o
oG
o[
oC

\J

(Top View)
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HM6148LP, HM6148LP-6

ETRUTH TABLE

CS WE Mode Vee Current 1/0 Pin Reference Cycle
H X Not Selected Iss, Issr High Z
L H Read Icc Dout Read Cycle
L L Write Icc Din Write Cycle
HRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Supply Vol Vee 4.5 5.0 5.5 \'
t
upply Toltage GND 0 0 0 v
Vin 2.4 3.5 6.0 A
Input Voltage
Vie —0.3* - 0.8 v
#* V. min=—1.0V (Pulse width<50ns)
HDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=0V, Ta=0 to +70°C)
Item Symbol Test Condition min typ* max Unit
Input Leakage Current | I Vee=5.5V, Vi.=GND to Vcc - — 2.0 HA
Output Leakage Current | ILo| CS=Vin, Vio=GND to Vecc — — 2.0 HA
Operating Power Supply Current Icc CS=Vi., Io=0mA - 35 80 mA
Iecx CS=Vy., Minimum Cycle, Duty=100%, l.o=0mA| — 40 80
Average Operating Current
Icca** Cycle=150ns, Duty=50%, I.0o=0mA - 35 -
Iss CS=Viu - 5 12
Standby Power Supply Current —
Iss CS2Vee—0.2V, V..=0.2V or Vi,2Vcc—0.2V - 1 100 HA
Vor ToL=8mA - — 0.4 v
Output Voltage
Von Ton=—3.2mA 2.4 - - \'
Notes) #* Typical limits are at Vcc=5.0V, Ta=25'C and specified loading.
#% Reference only.
ICAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min max Unit
Input Capacitance Cin V=0V - 5 pF
Input/Output Capacitance Cro Vio=0V - 12 pF

Note) This parameter is sampled and not 100% tested.

IBAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C, unless otherwise noted)

®AC TEST CONDITIONS
Input Pulse Levels
Input Rise and Fall Times
Input and Output Timing Reference Levels .
Output Load

Load Circuit (A)

Vee

510Q
Dout

3300 pF*

* includes probe and

70

Load Circuit(B)

Vee

5100

Doue O—W

33002

pry
l VVV

jig capacitance.

O HITACHI
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®READ CYCLE

HM6148LP, HM6148LP-6

Parameter Symbol - HM6148LP - HMGI4ELE-6 Unit
min max min max
Read Cycle Time tre 70 — 85 — ns
Address Access Time taa - 70 - 85 ns
Chip Select Access Time tacs - 70 — 85 ns
Output Hold from Address Change ton 5 — 5 — ns
Chip Selection to Output in Low Z* iz 10 - 10 — ns
Chip Deselection to Output in High Z* thz 0 40 0 40 ns
Chip Selection to Power Up Time tpy 0 - 0 — ns
Chip Deselection to Power Down Time 73 . 40 — 40 ns
* Transition is measured £500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.
® WRITE CYCLE
HM6148LP HM6148LP-6 X
Parameter Symbol - - Unit
min max min max
Write Cycle Time twe 70 — 85 — ns
Chip Selection to End of Write tew 50 — 60 - ns
Address Valid to End of Write taw 65 — 80 — ns
Address Setup Time tas 15 — 15 — ns
Write Pulse Width* bwes % = 60 — %
twez 65 - 80 — ns
Write Recovery Time twr 5 - 5 — ns
Data Valid to End of Write tow 30 — 35 — ns
Data Hold Time ton 5 — 5 — ns
Write Enabled to Output in High Z** twz 0 35 0 45 ns
Output Active from End of Write** tow 0 — 0 — ns
Notes) * When the CS low transition occurs simul ly with the WE low transition or after the WE transition, 1/O pins remain in a high impedance

state. In this case twpi, in the other case twp:(=twz+tow).
%% Transition is measured £500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.

©® TIMING WAVEFORM OF READ CYCLE NO.1"®
I ’ |

Address

previous

Data out data valid

Data valid

® TIMING WAVEFORM OF READ CYCLE NO.2"" ¥
& X ](_“'

p——tLZ

pem-th 2.

High impedance High impedance
Data out — ] Data valid

pe—trD

Vce supply

current

Notes) 1. WE is high for Read Cycle.
2. Device is continuously selected, CS=Vpy..
3. Address Valid prior to or coincident with TS transition low.

G HITACHI
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HM6148LP, HM6148LP-6

© TIMING WAVEFORM OF WRITE CYCLE NO.1(WE CONTROLLED)”

Address :)( j(

i

o 3)

pe—tas )
WE k NN A

ton, (6]
EDW

wz®) @ |
Dowt 4L L LLLL :] High Impedance z
w S
® TIMING WAVEFORM OF WRITE CYCLE NO.Z(C—S CONTROLLED) "
Address X D ¢

"

s — TN 4
(3)

FE NSNS SIS , AT 77X 77

e

) High Impedance

Notes)

1.

2.
3.

7.

‘CS and WE are paced in the WRITE state during low level period
(tw).

A write occurs during the overlap of a low CS and a low WE. (¢yyp)
twg is measured from the earlier of CS or WE going high to the end
of write cycle.

. During this period, 1/O pins are in the output state so that the input

signals of opposite phase to the outputs must not be applied.

. If the CS low transition occurs simultaneously with the WE low

transition or after the WE transition, the output buffers remain in a
high impedance state.

. If CS is low during this period, I/O pins are in the output state.

Then the data input signals of opposite phase to the outputs must
not be applied to them.
Dout is the same phase of write data of this write cycle.

HLOW V. DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)

Parameter

Symbol Test Condition

min

Unit

Vcc for Data Retention

Vor ﬁchc‘“o.ZV, Via2 Vec—0.2V or V,=<0.2V

2.0

Data Retention Current

Iccor Vec=2.0V, CS=21.8V, V.,=1.8V or V,.<0.2V

BA

Chip Deselect to Data Retention Time tcor

Operation Recovery Time

ns

; See Retention Waveform
R

trc*

ns

* tpc=Read Cycle Time

®LOW Vc DATA RETENTION WAVEFORM

Vee

72

[ DATA RETENTION MODE

CE=2 Vec—0.2V
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Address Access Time taa (Normalized)

Supply Current Icc (mA)

Supply Current Icc (mA)

HM6148LP, HM6148LP-6

ACCESS TIME vs. Vc ACCESS TIME vs. Ta
1.2 1.2
Ta=25C Vee=5v
3
11 é 11 o
E 10 /
H e /’
\ g
0.9 E 0.9
<
2
0.8 0.8
45 475 5.0 5.25 55 0 20 40 60 80
Supply Voltage Ve (V) Ambient Temperature Ta (°C)
SUPPLY CURRENT vs. Vc« SUPPLY CURRENT vs. Vc
50 8
Ta=25C Ta=25C
<
£
40 ~ 6
]
/ ;%'
2
30 34
20 ;: 2
@
10 0
45 4.75 5.0 5.25 55 45 4.75 5.0 5.25 5.5
Supply Voltage Vcc (V) Supply Voltage Vec (V)
SUPPLY CURRENT vs. Ta SUPPLY CURRENT vs. Ta
50 8
Vee=5V Vee=5V
40 E 6
]
~—_ &
e~ T
o \\ é )
. § \\
E —
20 __: 2
A
10 0
0 20 40 60 80 0 20 40 60 80

Ambient Temperature Ta ('C)

@ HITACHI
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HM6148LP, HM6148LP-6

SUPPLY CURRENT vs. Vc SUPPLY CURRENT vs. Ta
(STANDBY) (STANDBY)
10 . 10
Ta=25C
- Vee=5V
3T s T s //
[ E /
S Z
g‘ 1.0 % 1.0 L/
7
] ] /]
3 3
o1 39 5.0 6.0 o 20 10 60 80

Supply Voltage Vec (V) Ambient Temperature Ta ('C)
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HM4315P

4096-word X 1-bit Static Random Access Memory

TTL/CMOS Compatible Input/Output
On Chip Address Register
Si Gate CMOS Technology

HEBLOCK DIAGRAM

Azo—o
Aio—  Latched —.. Row ::e""’.ry —-— Vee
Aro—]  Address | ! atrix

b ———o GND
Aso—]  Register | ' Decoder 32 x 128

T z 8

Column Decoder

Din i and Data 1/0 Dout

LowPowerStandby .......................... 10uW typ.
Low Power Operation ...........cccvivuunn.. 20mW typ.
Data Retention ...............ciiiiiiienennnnnn.. 2.0v
Access TIME t.vvi i iiinnie it iinneannenns 450 ns max.

(DP-18)

HPIN ARRANGEMENT

S
———— As | 1 18] Vec
— Clock —
WEe—] Gen. |-y A7 E 17| As
Latched 3
Address As E 16] A«
CE o— Clock | | Register As E 15| As
Gen.
LN o[ e
Ax
As A¢ A7 As As Aio Ani An E Bla
Dout [Z 12] Ao
BABSOLUTE MAXIMUM RATINGS
WE i
Item Symbol Value Unit 8 11| Din
Supply Voltage* Vee —0.3 to +7.0 GNDE 10| CE
Terminal Veltage®* Vr —0.3 to Vec+0.3 \Y% (Top View)
Power Dissipation Pr 1.0 w
Operating Temperature Tor 0 to +70 ‘C
Storage Temperature Tie —55 to +125 ‘C
* with respect to GND
HERECOMMENDED DC OPERATING CONDITION (Ta=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
GND 0 0 0 v
Vin 2.4 — Vee+0.3 \"
Input Voltage
Vie —0.3 — 0.8 \Y%

G HITACHI




HM4315P

HDC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%)

Item Symbol Test Condition min typ max Unit
Input Leakage Current I Vin=0~Vcc —-1.0 — 1.0 MA
Output Leakage Current Io CE=ViL, Vou=0~Vcc -1.0 — 1.0 HA
Icca CE=Vce, Vin=Vcc or 0V, Output Open — — 1.0 mA
Operating Power Supply Current
Icc: CE=2.4V, Vin=2.4V, Output Open - 2.5 5.0
Iccs VinzVec—0.2V, f=1MHz, duty 50% — 4 10
Average Power Supply Current
Icce Vin=2.4V, f=1MHz, duty 50% — 6 15
Standby Power Supply Current IccL CE=0.2V = 2 100 KA
VoL Tor=2.0mA — — 0.4 v
Output Voltage
Vou Ton=—1.0mA 2.4 - — v
BCAPACITANCE (Te=25C, f=1MHz)
Item Symbol Test Condition min typ max Unit
Input Capacitance Ci V.=0V - 3 5 pF
Output Capacitance Cout Vo =0V - 7 10 pF
BLOW V.. DATA RETENTION. CHARACTERISTICS (Ta=0 to +70°C)
Item Symbol Test Condition min typ max Unit
Vcc for Data Retention Vor CE=0.2V 2.0 - — v
Data Retention Power Supply Current Iccor CE=0.2V, Vpr=2.0V — 0.5 50 HA
Chip Deselect to Data Retention Time tcor 0 - - ns
Operation Recovery Time tr tc* — — ns

* tc=Cycle time

HLOW V.. DATA RETENTION TIMING

i Data R Mode
4.0V Yooy
17
cc / Vor
tcor
ir
CE 04V 0.4V
ov
BAC CHARACTERISTICS (Vec=5V£10%, Ta=0 to +70°C)
® AC TEST CONDITIONS
Input High Level ..., 2.4V
Input Low Level . ........o.oiiiiiiii, 0.8v
Input Rise and Fall Times -« ... ......oovvnnnn 20ns
Timing Measurement Levels. - - . . e 2.4Vv,0.8V
Reference Level -« oo vvvvie i e, VoH = 2.0V, Vo = 0.8V
OUtPUL LOAd «+ v v v v mi e 1TTL +C = 100pF
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HM4315P

Item Symbol min max Unit
Read or Write Cycle Time TEHEH (tc) 640 — ns
Random Access Time TEHQV (tac) — 450 ns
Chip Enable Pulse Width TEHEL (tce) 450 —_ ns
Chip Enable Precharge Time TELEH (tp) 150 — ns
Address Hold Time TEHAX (tan) 200 — ns
Address Setup Time TAVEH (tas) 20 — ns
Output Buffer Turn-off Delay TELQZ (t.) 0 100 ns
Write Enable Setup Time TEHWL (tws) —20 — ns
Data Input Hold Time TWHDX (tom) 60 — ns
Data Input Hold Time referenced to CE TELDX (ton2) 40 — ns
Write Enable Pulse Width TWLWH (tww) 120 — ns
Chip Enable to Write Enable Delay* . TEHWL (tcwn) 350 — ns
WE to CE Precharge Lead Time TWLEL (twe.) 150 - ns
Data Input Setup Time TDVWH, TDVEL.(t»s) 100 — ns
Write Enable Hold Time TEHWH (tws) 300 — ns
Read Setup Time TWHEH (trs) 0 — ns
Read Hold Time TELWL (tzr) 0 — ns
Chip Enable Rise/Fall Time TT(tr) — 300 ns
* Read -Modify -Write Cycle.
®READ CYCLE
‘ e
tCE
a / \_/
—
|2 :
K.
f!s——‘ 1 —{ p——tRH
" XD XX
ac l=—toy;~
Dout oz {r VALID DATA OUTPUT )_m_ciz_

®EARLY WRITE CYCLE

CE

» XX

h

tws

HIGH-Z
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HM4315P

®READ MODIFY WRITE CYCLE AND READ WRITE CYCLE

c / /

tAS
b

A ADD VALID x
/

tows

o] DN

TOLOOCOTOOTOTALY, CRN I 0T4L0¢
’ po—t0/ f —=

Dout HIGH Z g VALID DATA OUTPUT }__

Notes) #*1 Read-Modify -Write Cycle tcwp = 350ns, tce=550ns.
*2 Read-Write Cycle.

30

20

lee(mA) 14

Note) Vec=5.0V, Ta=25C
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Average Supply Current Iccs (mA) Access Time(Normalized)

Input Voltage (V)

ACCESS TIME vs. SUPPLY VOLTAGE

16

Ta=70"C
14

P <

LN

08

06

04

40 590 6.0
Supply Voltage Vec (V)

AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE
12

Ta=25"C
10

4

40 50 6.0
Supply Voltage Vcc (V)

INPUT VOLTAGE
vs. SUPPLY VOLTAGE

25
Ta=25C|
Vin(min)
20
// Vie(max)
L~
15 —— |
//
1.0
05
40 50 60
Supply Voltage Vcc (V)

A Ti 1i
Average Supply Current Iccs (mA) ocess Time(Norsalized)

Input Voltage (V)

® HITACHI

ACCESS TIME
vs. AMBIENT TEMPERATURE

16
Vece=45
14
L~
]
12 //
10 ,/
//
08
06
04
-20 0 20 40 60 80 100
Ambient Temperature Ta (°C)
AVERAGE SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
12
Vee=5V
10
8
6
4
2
0
-20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
INPUT VOLTAGE
vs. AMBIENT TEMPERATURE
25
Vee=5V
20— -
—— Vin(min)
15
—_— ] Vir(max)
10
05
-20 0 20 40 60 80 100

Ambient Temperature Ta (C)

HM4315P
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HMVM6147,HM6147-3
HMVM6147P,HM6147P-3

4096-word X 1-bit High Speed Static CMOS RAM

BFEATURES

® Single 5V Supply and High Density 18 Pin Package

® High Speed: Fast Access Time 55ns/70ns Max.
® Low Power Standby-and Low Power Operation,
Standby:100uW typ., Operation: 75mW typ.

Required

HBLOCK DIAGRAM

No Peak Power—On Current
No Change of t 4 »g with Short Chip Deselect Time
Equal Access and Cycle Time
Directly TTL Compatible — All Input and Output
Separate Data Input and Output: Three State Output

Pin-out Compatible with Intel 2147 NMOS STATIC RAM

Completely Static Memory — No Clock nor Timing Strobe

HM6147, HM6147-3

(DG-18)

HM6147P, HM6147P-3

As O_—Jt . -0 Vcc
VR, S— Row Memory Matrix
Ar o__._x Decoder :> 64X64 <«———0 GND
A
-
A7 O—ri
U DP-18)
Din Column 1/0 Dout
HPIN ARRANGEMENT
Column Decoder
S
. ! ! l !ug A1 E Vee
[}
A E: E As
Az E E A7
Ve Ll ~[4] 5]
[e 2 <]
A3 Ac As A A An A‘E EA’
ASE E Ao
HMABSOLUTE MAXIMUM RATINGS DoutE E An
Item Symbol Rating Unit VE E: E Din
Voltage on Any Pin relative to GND* Vr —0.5 to +7.0 A% GND E 0]l cs
Power Dissipation Pr 1.0 w
N (Top View)
Operating Temperature Topr 0 to +70 C
Storage Temperature(Ceramic) Toe —65 to +150 ‘C
Storage Temperature(Plastic) Tus —55 to +125 °C
* Viv min=—1,0V (Pulse Width < 20ns)
BRECOMMENDED DC OPERATING CONDITIONS (0°C=Ta=70C)
Parameter Symbol min typ max Unit
Susply Vol Vee 4.5 5.0 5.5 A
tage
upply Tottes GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 \Y
Input Low (logic 0) Voltage Vi —0.3* — 0.8 \'

* Vi min=—1.0V (Pulse width<20ns)

80
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HM6147, HM6147-3, HM6147P, HM6147P-3

HDC AND OPERATING CHARACTERISTICS (0°C=<Ta<70°C, Vec=5V+10%, GND=0V)
Parameter Symbol Test Conditions min typ max Unit Notes
Input Leakage Current | Iur | Vee=5.5V, GND to Vcc - - 2.0 KA
Output Leakage Current | Io| CS=Vis, Vou=0~Vcc — — 2.0 MA
Operating Power Supply Current(1) DC Icc CS=V;., Output open — 15 35 mA
Operating Power Supply Current(2) DC Icc (‘i’i;‘;:::_z"ﬂzio'zv or — 12 — mA 2)
Average Operating Current(3) Icc: Cycle 150ns, duty 50% — 14 — mA (2)
Standby Power Supply Current(l) DC Isp CS=Vi — 5 12 mA
Standby Power Supply Current(2) DC Ism (\ijz:.c;;g;z\;}szcc—O.ZV — 20 800 HA
Output Low Voltage VoL ToL=12mA — - 0.40 \4
Output High Voltage Vou Ton=—8.0mA 2.4 — — \4
Note) 1. Typical limits are at Vcc=5.0V, Ta=25'C and specified loading.
2. Reference only
Ve
BAC TEST CONDITIONS
e Input pulse levels: GND to 3.5V 5100
e Input rise and fall times: 10 ns
e Input and output timing reference levels: 1.5V Dot
e Output load: See Figure 1 W0Q 30pF*
* Including scope & jig capacitance
Figure 1 Output Load
BCAPACITANCE (Te=25C, f=1.0MHz)
Item Symbol Conditions max Unit
Input Capacitance Cin Via=0V 5 pF
Output Capacitance Cout Veur=0V 7 pF
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0°C to 70°C, Vcc=5V*10%, unless otherwise noted.)
®READ CYCLE
HM6147/P -3 HM6147/P .
Parameter Symbol - - Unit
min max: min max
Read Cycle Time tre 55 — 70 — ns
Address Access Time taa — 55 — 70 ns
Chip Select Access Time tacs — 55 — 70 ns
Output Hold from Address Change ton 5 - 5 — ns
Chip Selection to Output in Low Z tLz 10 — 10 — ns
Chip Deselection to Output in High Z thz 0 40 0 40 ns
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Deselection to Power Down Time tpp — 30 — 30 ns
®WRITE CYCLE
HM6147/P -3 HM6147/P
Parameter Symbol - - Unit
min max min max
Write Cycle Time twe 55 — 70 — ns
Chip Selection to End of Write tew 45 — 55 — ns
Address Valid to End of Write taw 45 — 55 — ns
Address Setup Time tas [} — 0 — ns
Write Pulse Width twp 35 - 40 — ns
Write Recovery Time twr 10 — 15 — ns
Data Valid to End of Write tow 25 — 30 — ns
Data Hold Time ton 10 - 10 — ns
Write Enabled to Output in High Z twz 0 30 0 35 ns
Output Active from End of Write tow 0 — 0 — ns
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HM6147, HM6147-3, HM6147P, HM6147P-3

© TIMING WAVEFORM OF READ CYCLE NO.1®®

Address >

previous

Data out data valid

Data valid

© TIMING WAVEFORM OF READ CYCLE NO.2V®®

I

3

High impedance

Data out Data valid

p—tp 0

Vee supply

current

Notes: 1. WE is high for READ Cycle.
2. CSis low for READ Cycle.
3. Addresses valid prior to or coincident with CS
transition low.

©® TIMING WAVEFORM OF WRITE CYCLE

High impedance

Address

Data in ‘* Data in valid

——
Data out Data undefined

High i
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Supply Current Icc,Icc2 (mA)

Access Time (Normalized)

Access Time Ataa, Atacs

SUPPLY CURRENT
vs. SUPPLY VOLTAGE
30

Ta=25C
25
20
. /
5 —] /

10

0
45 4.75 50 525 55
Supply Voltage Vcc (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

1.3
Ta=25C

12

" \

10 taA, tacs
09

08

0.7

45 4.75 50 525 55

Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

20

Ta=25C
Vec=MIN

P

0 100 200 300 400
Load Capacitance Ci (pF)

Access Time (Normalized)

Supply Current Iccz (Normalized)

G HITACHI

Vee=50V
2 cc
2
o 20
3
=
S
]
= Ic
N 15— \“_\‘
g leca \-\
o
S 1
H
3

SUPPLY CURRENT

vs. AMBIENT TEMPERATURE
30

0 20 40 60 80
Ambient Temperature Ta (°C)

ACCESS TIME
vs. AMBIENT TEMPERATURE

13
Vee=50V

12

11

taa, tacs L—

v /,/

09

08

0.7

0 20 40 60 80
Ambient Temperature Ta (C)

SUPPLY CURRENT

vs. FREQUENCY
16 T ™ T

150ns 70n: S5Sns

14

/ Ta=25C
08
0.6
04
0 5 10 15 20

Frequency f (MHz)

HM6147, HM6147-3, HM6147P, HM6147P-3
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HM6147LP,HM6147LP-3

4096-word X1-bit High Speed Static CMOS RAM

BFEATURES

Single 5V Supply and High Density 18 Pin Package
High Speed: Fast Access Time 55ns/70ns Max.
Low Power Standby and Low Power Operation,
Standby: 5uW typ. Operation: 75mW typ.

Completely Static Memory — No Clock nor Timing Strobe

Required

No Peak Power—On Current

No Change of t 4 o with Short Chip Deselect Time
Equal Access and Cycle Time

Directly TTL Compatible — All Input and Output
Separate Data Input and Output: Three State Output
Capability of Battery Back up Operation

Pin-out Compatible with Intel 2147 NMOS STATIC RAM
EBLOCK DIAGRAM

(DP-18)

s o—F _ —_— Ve _
A o——F ] Row Memory Matrix HPIN ARRANGEMENT
Decoder 64 x 64 .
A o———t :> -0 GND S
too—LF—] w 1] 58] vec
Ar °———|§
O A3 EAv
Din Column 1/0 Daut As E E A
Column Decoder A‘E E Ao
As E [13] A
Cs Dout[z E An
WE E E Din
wE ann 5] 10] o5
As Av As Ao Ao An (Top View)
MABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin relative to GND* Vr —0.5 to +7.0 A%
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Tus —55 to +125 °C
* V. min=—1.0V (Pulse Width < 20ns)
HRECOMMENDED DC OPERATING CONDITIONS (0°C <Ta<70°C)
Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
GND 0 0 0 A
Input High (logic 1) Voltage Viu 2.2 3.5 6.0 A
Input Low (logic 0) Voltage Vio —0.3* — 0.8 \'

* Vi min=—1.0V (Pulse width=20ns)
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HM6147LP, HM6147LP-3

HWDC AND OPERATING CHARACTERISTICS (0°C=Ta<70C, Vec=5V£10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit Notes
Input Leakage Current 11| Vec=5.5V, GND to Vecc - — 2.0 HA
Output Leakage Current | Il CS=Viy, Vou=0~Vcc — — 2.0 KA
Operating Power Supply Current(1) DC Icc CS=Vi, Output open — 15 35 mA

CS=Vi1, Vins0.2V or
ting P Supply C t(2) DC 1 - 12 - mA 2
Operating Power Supply Curren ccr Viez Vee—0.2V (2

Average Operating Current(3) Icc: Cycle 150ns, duty 50% — 14 - mA 2)

Standby Power Supply Current(1) DC Iss CS=Vu - 5 12 mA

CS=Vec—0.2V, Vins0.2V or
Standby P Supply C 2) DC I - 1 100 A
andby Power Supply Current(2) sB Vinz Veo—0.2V m

Output Low Voltage Vor To.=12mA — — 0.40

Output High Voltage Vou Ton=—8.0mA 2.4 — —

Note) 1. Typical limits are at Vec=5.0V, Ta=25C and specified loading.
2. Reference only.

BMAC TEST CONDITIONS

® Input pulse levels: GND to 3.5V
® Input rise and fall times: 10 ns

® Input and output timing reference levels: 1.5V 008 oot
® Output load: See Figure 1

510Q

Dout

* Including scope & jig capacitance
Figure 1 Output Load

BCAPACITANCE (Ta=25C, f=1.0MHz)

Item Symbol Condition max Unit
Input Capacitance Cin Vin=0V 5 pF
Output Capacitance Cou Vo =0V 7 pF

Note) This parameter is sampled and not 100% tested.

AC CHARACTERISTICS (Ta=0C to 70°C, Vcc=5V=£10%, unless otherwise noted.)
® READ CYCLE

HM6147LP-3 HM6147LP
Parameter Symbol - - Unit
min max min max

Read Cycle Time tre 55 — 70 — ns
Address Access Time taa e 55 - 70 ns
Chip Select Access Time tacs — 55 — 70 ns
Output Hold from Address Change ton 5 — 5 — ns
Chip Selection to Output in Low Z tiz 10 — 10 — ns
Chip Deselection to Output in High Z thz 0 40 0 40 ns
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Deselection to Power Down Time tep — 30 — 30 ns
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HM6147LP, HM6147LP-3

® WRITE CYCLE

Parameter Symbol - HMELTLE-3 - HM6147LP Unit
min max min max

Write Cycle Time twe 55 - 70 — ns
Chip Selection to End of Write tew 45 — 55 — ns
Address Valid to End of Write taw 45 - 55 - ns
Address Setup Time tas 0 — 0 — ns
Write Pulse Width twp 35 - 40 - ns
Write Recovery Time twr 10 - 15 — ns
Data Valid to End of Write tow 25 — 30 — ns
Data Hold Time ton 10 - 10 — ns
Write Enabled to Output in High Z twz 0 30 0 35 ns
Output Active from End of Write tow 0 — 0 - ns

® TIMING WAVEFORM OF READ CYCLE NO.1"®

Address

Data out

)

previous

® TIMING WAVEFORM OF READ CYCLE NO.2"®

Data out

Vec supply

current

data valid Data valid
f=—tHZ
pe——— L 1~
High impedanc High impedance
e Data valid LLRLLS

p—trD-

NOTES: 1. WE is high for READ Cycle.

86

2. CSislow for READ Cycle.
3. Addresses valid prior to or coincident with CS transition low.
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© TIMING WAVEFORM OF WRITE CYCLE

Address

Data in

* Data in valid

Data out Data undefined

High i

BLOW Vcc RETENTION CHARACTERISTICS (Ta=0C to 70°C)

HM6147LP, HM6147LP-3

Parameter Symbol Test Condition min typ max Unit
Vec for Data Retention Vor CS2Vec—0.2V, Va2Vec—0.2V or 0.2V 2.0 - — \'
Data Retention Current Iccor | Vec=2.0V, CS21.8V, V.=1.8V or =0.2V — - 40 KA
Chip Deselect to Data Retention Time tcor 0 - - ns
Operation Recovery Time tr trc* — - ns
* tzc=Read Cycle Time
O®LOW V.. RETENTION CHARACTERISTICS
Data Retention Mode
4.5V
Vee Vor2 2.0V
tcor t‘
cs 22v 22v
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HM6147H-35,HM6147H-4 5 Preliminary
HM6147HP-35 HM6147HP-45

4096-word X 1-bit High Speed Static CMOS RAM

BFEATURES HM6147H-35, HM6147H-45
® Single 5V Supply and High Density 18 Pin Package

® High Speed: Fast Access Time 35ns/45ns Max.

® Low Power Standby and Low Power Operation,

Standby: 100uW typ., Operation: 150mW typ.

Completely Static Memory — No Clock nor Timing Strobe
Required

No Peak Power—On Current

No Change of t4 og With Short Chip Deselect Time

Equal Access and Cycle Time

Directly TTL Compatible — All Input and Output

Separate Data Input and Output: Three State Output

Plug-In Replacement with Intel 2147H NMOS STATIC RAM

EBLOCK DIAGRAM

(DG-18)

HM6147HP-35, HM6147HP-45

M o—k:‘ . e Mo _-— o Ve
: Decoder 64 xytu
—3F ] :) -0 GND
Ar O—K L
Ao o—F ]
Aoo———t
O (DP-18)
Din Column [/0 Dout
Column Decoder HPIN ARRANGEMENT
' O a—
« —51 WUHH
a[z] EA&
A As As Aw A

11 A,E EA‘
5] 1] »
n[e] 13] A

DoutE EAH

A A 10

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit —_—

- - wE [3] [11] Din
Voltage on Any Pin relative to GND| Vr —3.5%to +7.0 v _
DC Output Current I, 20 mA GNDE E’] cs
Power Dissipation Pr 1.0 w (Top View)
Operating Temperature T 0 to +70 °C
Storage Temperature (under bias) Tossiany —10 to +85 °C
Storage Temperature (Ceramic) Tos —65 to +150 °C
Storage Temperature (Plastic) Toe —55 to +125 °C

* Pulse Width 20ns, DC : —0.5V

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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HM6147H-35, HM6147H-45, HM6147HP-35, HM6147HP-45

HRECOMMENDED DC OPERATING CONDITIONS (0'C=Ta=70C)

Parameter Symbol min typ max Unit
Vee 4.5 5.0 5.5 v

Supply Volt.
upply YoTlage GND 0 0 0 v
Input High (logic 1) Voltage Vin 2.0 3.0 6.0 \Y%
Input Low (logic 0) Voltage ViL —3.0* — 0.8 \Y%

* Pulse Width 20ns, DC . —0.5V

BDC AND OPERATING CHARACTERISTICS (0°C<Tas70C, Vecc=5V+10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current | Ior] Vee=5.5V, GND to Vcc - — 2 KA
Output Leakage Current |10 CS=Vis, Veur=0V~Vec — — 2 HA
Operating Power Supply Current(1) DC Icc CS=V;1, Output open — 30 80 mA
Operating Power Supply Current(2) DC Icc, CS=V;., Minimum Cycle — 40 80 mA
Standby Power Supply Current(1) DC Iss CS=Vis, Vec=Min to Max - 8 20 mA
Standby Power Supply Current(2) DC Ispr ?’ji(:/.cg\;t;‘ﬂl]/’mQVcc—-O.ZV — 20 800 A
Output Low Voltage Vo IoL=8mA — — 0.40 \Y
Output High Voltage Vou Ion=—4mA 2.4 - —

Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute.
2. Typical limits are at Vcc=5.0V, Ta=25°C and specified loading.

BAC TEST CONDITIONS

Input pulse levels: GND to 3.0V
Input rise and fall times: 5 ns Dout
Input timing reference levels: 1.5V Output Load A
Output load: See Figure
Output timing reference levels: 1.5V (HM6147H/P-35)

0.8 to 2.0V (HM6147H/P-45)

510Q

3300 30pF

* Including scope & jig capacitance

Dout 0-—1
Output Load B >

33002 SpF
1A—i
Unit

BMCAPACITANCE (Ta=25C, f=1.0MHz)

Item Symbol Conditions max
Input Capacitance Cin V=0V 5 pF
Output Capacitance Cout Vo =0V 6 pF

Note) This parameter is sampled and not 100% tested.
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HM6147H-35, HM6147H-45, HM6147HP-35, HM6147HP-45

IAC CHARACTERISTICS (Ta=0C to 70°C, Vcc=5V+10%, unless otherwise noted.)

®READ CYCLE

HM6147H/P-35 HM6147H/P-45
Parameter Symbol Unit Notes
min max min max

Read Cycle Time tre 35 - 45 — ns )
Address Access Time tas - 35 - 45 ns

Chip Select Access Time tacs - 35 - 45 ns

Output Hold from Address Change ton 5 — 5 - ns

Chip Selection to Output in Low Z trz 5 - 5 - ns (2),03), (N
Chip Deselection to Output in High Z thz 0 30 0 30 ns 2),(3), (M
Chip Selection to Power Up Time tpu 0 - 0 - ns

Chip Deselection to Power Down Time tep - 20 — 20 ns
©® TIMING WAVEFORM OF READ CYCLE NO.1¢“®

tac |
Address ><
taa |
1
Data Out Previous Data Valid X Data Valid
©® TIMING WAVEFORM OF READ CYCLE NO.2“
tae
s X i
tacs
thz
tLz
Date Out High Impedance '< SZ 5 Z >g[ Data Valid High Impedance
try [1]] J
Vec Supply o
fee Y so% 50%
Current Iss
Notes: 1. All Read Cycle timings are referenced from last valid address to the

first transitioning address.

Nous woN
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. At any given temperature and voltage condition, #/Z max. is less than
t1.Z min. both for a given device and from device to device.

Transition is measured +500mV from steady state voltage with
specified loading in Load B.

. WE is high for READ Cycle.

Device is continuously selected, CS=V7r .
. Addresses valid prior to or coincident with CS transition low.
. This parameter is sampled and not 100% tested.



® WRITE CYCLE

HM6147H-35, HM6147H-45, HM6147HP-35, HM6147HP-45

Parameter Symbol l'fM6147H/P'35 H_MGM'IH/P-‘S Unit Notes
min max min max
Write Cycle Time twe 35 — 45 - ns (2)
Chip Selection to End of Write tew 35 — 45 — ns
Address Valid to End of Write taw 35 - 45 — ns
Address Setup Time tas 0 — 0 - ns
Write Pulse Width twp 20 - 25 - ns
Write Recovery Time twr 0 — 0 — ns
Data Valid to End of Write tow 20 - 25 — ns
Data Hold Time ton 10 — 10 — ns
Write Enabled to Output in High Z twz 0 20 0 25 ns 3), (4
Output Active ‘from End of Write tow 0 - 0 — ns (3), (@)

© TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED)

twe

Address

X

- TN

RAN 7

WE
}
Data In * Data In Valid
twz I
Data Out Data Undefined

ﬂ High Impedance

® TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED)

twe

- X

= X ¥

O AN\ X £ /777
| tow tox

Data In *

Data Out

Data Undefined

High Impedance

Notes:

Note) CS or WE are High for Address Transition

. If TS goes high simultaneously with WE high, the output remains in a high impedance states.

. All Write Cycle timings are referenced from the last valid address to the first transitioning address.

. This parameter is sampled and not 100% tested.

®

HITACHI

1
2
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4
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HM6147HLP-35, HVI6147HLP-45

—Preliminary—
4096-word X 1-bit High Speed Static CMOS RAM

BFEATURES

® Single 5V Supply and High Density 18 Pin Package

® High Speed: Fast Access Time 35ns/45ns Max.

® Low Power Standby and Low Power Operation,

Standby; 5uW typ., Operation: 150mW typ.

Completely Static Memory — No Clock nor Timing Strobe
Required

® No Peak Power—On Current
® No Change of ta cs With Short Chip Deselect Time
® Equal Access and Cycle Time
® Directly TTL Compatible — All Input and Output
® Separate Data Input and Output: Three State Output (DP-18)
® Plug-In Replacement with Intel 2147H NMOS STATIC RAM
® Capable of Battery Back up Operation HPIN ARRANGEMENT
HBLOCK DIAGRAM ~ :}
Aj1 18| Vec
Aro——F ] o -
Ao E !’(ow Memory .Murix - A E EA&
NO——K Decoder 3 64 x 64 GND AzE _1__6_]A7
= ~[] 5]
wo—LF— ~[5] 1]~
U 4[] [15] A
Din Column 1/0 Dout Do‘"E EAH
Column Decoder -»W—E E E Din

l (Top View)
A

1

« ) T
[

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin relative to GND.| Vr —3.5* to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Toer 0 to +70 ‘C
Storage Temperature (under bias) Totecoieny —10 to +85 ‘C
Storage Temperature Tos —55 to +125 ‘C

#* Viv min=—0.5V (Pulse width<20ns)

ERECOMMENDED DC OPERATING CONDITIONS (0°C <Ta<70"C)

Parameter Symbol min typ max Unit

Vee 4.5 5.0 5.5 \'

Supply Voltage oND o o 0 v
Input High (logic 1) Voltage Vin 2.2 3.0 6.0 \Y%
Input Low (logic 0) Voltage Vi —3.0* - 0.8 v

* Vi. min=—0.5V(Pulse width<20ns)

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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HM6147HLP-35, HM6147HLP-45

HDC AND OPERATING CHARACTERISTICS (0°C=Ta<70C, Vec=5Vt10%, GND=0V)

Parameter Symbol Test Condition min typ max Unit

Input Leakage Current | It Vec=5.5V, GND to Vcc - — 2 HA

Output Leakage Current [ Io | CS=Vi, Var=0V~Vecc - — 2 KA

Operating Power Supply Current(1) DC Icc CS=Vi., Output open - 30 80 mA

Operating Power Supply Current(2) DC Icc: CS=V;., Minimum Cycle - 40 80 mA

Standby Power Supply Current(l) DC Iss CS=Vis, Vec=Min to Max - 5 15 mA
CSzVee—0.2V,

Standby P Supply C t(2) DC 1 - 1 100 A
andby Power Supply Curren sB1 VinS0.2V or Vin=Vec—0.2V )
Output Low Voltage Vo IoL=8mA - — 0.40 v
Output High Voltage Vou Ton=—4.0mA 2.4 - - v

Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
2. Typical limits are at Vec=5.0V, Ta=25°C and specified loading.
Ve

BAC TEST CONDITIONS
e Input pulse levels: GND to 3.0V sioa
e Inputrise and fall times: 5 ns Dout
o Input timing reference levels: 1.5V Output Load A .
® Output load: See Figure 330 30pF
o Output timing reference levels:

1.5V {(HMB14HLP-35) 757

0.8 to 2.0V (HM614HLP-45)

BCAPACITANCE (Ta=25C, f=1.0MHz)

Output Load B

* Including scope & jig capacitance

Item Symbol Conditions max Unit
Input Capacitance Cin Via=QV pF
Output Capacitance Cout Veu=0V 6 pF
Note) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0C to 70°C, Vec=5V+10%, unless otherwise noted.)
®READ CYCLE
HM6147HLP-35 HM6147HLP-45
Parameter Symbol - - Unit Notes
min max min max
Read Cycle Time tre 35 - 45 — ns 1)
Address Access Time taa - 35 - 45 ns
Chip Select Access Time tacs — 35 — 45 ns
Output Hold from Address Change ton 5 - 5 — ns
Chip Selection to Output in Low Z tLz 5 - 5 —_— ns (2),3), (M
Chip Deselection to Output in High Z thz 0 30 0 30 ns 2),(3), (M
Chip Selection to Power Up Time tpy 0 - 0 - ns
Chip Deselection to Power Down Time tep - 20 — 20 ns

@ HITACHI
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HM6147HLP-35, HM6147HLP-45

© TIMING WAVEFORM OF READ CYCLE NO.1¢®®

Address

Data Out

tre |

A

Previous Data Valid

Data Valid

© TIMING WAVEFORM OF READ CYCLE NO.2‘“

trc

—

cs 7
tnz
Data Out Data Valid ; High Impedance
tro
Vec Supply
50%
Current
Notes: 1. All Read Cycle timings are referenced from last valid address to the

first transitionining address.

2. At any given temperature and voltage condition, f5Z max. is less than
Lz min. both for a given device and from device to divice.
3. Transition is measured +500mV from steady state voltage with
%ciﬁed loading in Load B. '
4. is high for READ Cycle.
S. Device is continuously selected, C3=V ..
6. Addresses valid prior to or coincident with CS transition low.
7. This parameter is sampled and not 100% tested.
O WRITE CYCLE
HM6147HLP-35 HM6147HLP-45
Parameter Symbol - Unit Notes
min max min max
Write Cycle Time twe 35 - 45 - ns (2)
Chip Selection to End of Write tew 35 - 45 - ns
Address Valid to End of Write taw 35 - 45 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twe 20 - 25 - ns
Write Recovery Time twr 0 — 0 - ns
Data Valid to End of Write tow 20 — 25 — ns
Data Hold Time tow 10 — 10 — ns
Write Enable to Output in High Z twz 0 20 0 25 ns (3), (4)
Output Active from End of Write tow 0 — 0 - ns (3], (4)

94

G HITACHI



HM6147HLP-35, HM6147HLP-45

® TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED)

twe

— X

} tew

i} <

! ton
Data In *- Data In Valid
7]

tow

\

/| High Impedance

Data Out Data Undefined

® TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED)

- X X

o
3 "SRR \\ ;[ 77 7

L tow ton |
Bwie *

Data In Valid
ter
Data Out
Dats Undefined Hiah Inpedance

Note) CS or WE are High for Address Transition

1. If CS goes high simultaneously withWE high, the output remains in a high impedance states.

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.

4. This parameter is sampled and not 100% tested.

HLOW V. DATA RETENTION CHARACTERISTICS (Ta=0T to +70TC)

Item Symbol Test Condition min typ max Unit

Notes:

CS2Vec—0.2V
Vce for Data Retention Vor ce 2.0 - — \"

Vin2 Vec—0.2V or Vins0.2V

Vec=2.0V, CS22.8V
Data Retention Current Iccor ° - - 40 HA

Vinz2.8V or Vins0.2V

Chip Deselect to Data Retention Time tcor 0 — — ns
See Retention Waveform

Operation Recovery Time tr trc* — — ns
* tzc=Read Cycle Time.

OLOW V.. DATA RETENTION WAVEFORM

Data Retention Mode
4.5V5 ZA.SV
Ve \ Vor22.0V /
tcor tr

= 22v CS2 Vor—02V 2.2V
cs
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HM6116-2,HM6116-3, HM6116-4
HM6116P-2,HM6116P-3,HM6116P-4

2048-word X 8-bit High Speed Static CMOS RAM

BFEATURES

e Single 5V Supply and High Density 24 Pin Package

® High speed: Fast Access Time
e Low Power Standby and
Low Power Operation

Completely Static RAM:

Equal Access and Cycle Time

120ns/150ns/200ns (max.)
Standby: 100uW (typ.)
Operation: 180mW (typ.)

No clock or Timing Strobe Required
Directly TTL Compatible: All Input and Output
Pin Out Compatible with Standard 16K EPROM/MASK ROM

EFUNCTIONAL BLOCK DIAGRAM

vo— ¢

K

\
mo——-%:

—
Row °
.

——O Ve
Memory Matrix ———O GND

128128

—] l Py .T
/0 z Column 1/0
Input
H Column Decoder
| Data
: Control
' —_—
1/0s O~ :

A A A A

HM6116-2, HM6116-3,
HM6116-4

(DG-24)

HM6116P-2, HM6116P-3,
HM6116 P-4

(DP-24)

HPIN ARRANGEMENT

OE
WE O— l_...[_\ A’D: ~ 24 | Vec
_ ./ K 23] A
cs O—Dc a ME B
D K B
NE (20 ) o8
HMABSOLUTE MAXIMUM RATINGS A| 6 EAW
Item Symbol Rating Unit AT E s
Voltage on Any Pin Relative to GND Vr —0.5%* to +7.0 v A 8 E /08
Operating Temperature T, 0 to +70 °C /0 E E /00
Storage Temperature (Plastic) Tu —55 to +125 °C vl 10 E] 10
Storage Temperature (Ceramic) T —65 to +150 °C volm E Vo
Temperature Under Bias Thiae —10 to +85 ‘C
Power Dissipation Pr 1.0 w GND | 12 E /0
* Pulse Width 50ns : —1.0V (Top View)
ETRUTH TABLE
CS OE WE Mode Ve Current 1/0 Pin Ref. Cycle
H X X Not Selected Ise, Ism High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4

BRECOMMENDED DC OPERATING CONDITIONS (Te=0 to +70°C)

Item Symbol min typ max Unit
Suooly Vol Vee 4.5 5.0 5.5 A
t
upply Toltage GND 0 0 0 A
Vin 2.2 3.5 6.0 \Y%
Input Voltage
Vi —1.0* — 0.8 \%

* Pulse Width ! 50ns, DC: Vi min=—0.3V

HMDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=0V, Ta=0 to +70C)

HM6116/P-2 HM6116/P-3/-4
Item Symbol Test Conditions - Unit
min typ* max min typ* max
Input Leakage Current | It Vee=5.5V, Vi.=GND to Vcc - — 10 — — 10 HA
C—S“' VIH or éis Vln.
Output Leak Ci t 1 - — 10 — — 10 A
pu akage Curren [ 1ol Vio=GND to Vec yz
Op P S Icc C_S-= V:L, Im=0mA - 40 80 - 35 70 mA
erating Power Supply
Current Tecio Vin=3.5V, Vi.=0.6V, _ 35 _ _ 30 _ mA
I o=0mA
Average Operating Current Icc: Min. cycle, duty=100% — 40 80 — 35 70 mA
Iss CS=Vu - 5 15 - 5 15 mA
Standby Power Supply CS=Vee—0.2V. Vo2V,
Current Ism T e e — | 0.02 2 | — | o002 2 | ma
—0.2V or V,,=0.2V
Tor=4mA - — 0.4 — — — v
VOL
Output Voltage IoL=2.1mA - - — — — 0.4 v
Vou Ion=—1.0mA 2.4 — — 2.4 — — \Y%

* Vec=5V, Ta=25C
*% Reference Only

BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
® AC TEST CONDITIONS

Input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10 ns

Input and Output Timing Reference Levels: 1.5V

Output Load: 1TTL Gate and C; = 100pF (including scope and jig)

®READ CYCLE

Ltem Symbol l—‘1M6116/P-2 HM6116/P-3 HM6116/P-4 Unit
min max min max min max

Read Cycle Time tre 120 — 150 — 200 — ns
Address Access Time taa - 120 - 150 — 200 ns
Chip Select Access Time tacs — 120 — 150 — 200 ns
Chip Selection to Output in Low Z tcrz 10 - 15 — 15 - ns
Output Enable to Output Valid toe - 80 — 100 — 120 ns
Output Enable to Output in Low Z torz 10 - 15 - 15 — ns
Chip Deselection to Output in High Z tcnz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 — 15 — ns
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HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4

O®WRITE CYCLE

HM6116/P-2 HM6116/P-3 HM6116/P-4 i
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 - 200 - ns
Chip Selection to End of Write tew 70 - 90 -_ 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 — 20 — 20 — ns
Write Pulse Width twp 70 — 90 - 120 — ns
Write Recovery Time twr 5 — 10 — 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twiz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 — 60 — ns
Data Hold from Write Time ton 5 — 10 - 10 — ns
Output Active from End of Write tow 5 — 10 — 10 — ns
BCAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Ci Via=0V 3 5 pF
Input/Output Capacitance Cro Vio=0V 5 7 pF

ETIMING WAVEFORM
®READ CYCLE (1)’

e X X

tan

AAANNNNNY Y7777
o XN bt | MTTTHTT

tacs

Dout o L ><><>_

® READ CYCLE (2)(1)(1)(1) )

&

trc

e XK X
> X

®READ CYCLE (3) V@ ®

CS
tacs tenz—]

tcrz

Dout >___

NOTES: 1. WE is High for Read Cycle.

2. Device is continuously selected, CS = Vir-

3. Address Valid prior to or coincident with CS transition Low.
4

S

. OE= V[L'
. When CSis Low, the address input must not be in the high impedance state.
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WRITE CYCLE(1)

Address

cs

Dout

® WRITE CYCLE(2)*®

Address

NOTES:

X - X

wa(2)

777 3

N,

NN S

(€] )
-——hmza W

AN A

[ DN ——t——— t pjy ——=]

X X

1 tew twr(2)

NNARRRRE L7V /77777

ton

JNSNNA S 1 .

tenz—~{(3) (6) @)

t————tow

0N W

tow ——s—f=—toy —={
];_ ®
K i Vavivavim

. A write occurs during the overtap (twp) of alow CS and a low WE,
- twg is measured from the earlier of CS or WE going high to the end

of write cycle.

. During this period, 1/O pins are in the output state so that the input

signals of opposite phase to the outputs must not be applied.

. If the CS low transition occurs simultaneously with the WE low

transitions or after the WE transition, output remain in a high im-
pedance state.

. OE is continuously low. (OE = ViL)
. Doyt is the same phase of write data of this write cycle.
. Doyt is the read data of next address.

If &

is Low during this period, 1/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.

@ HITACHI

HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4
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HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4

100

Supply Current Icc,lccz(Normalized)
Access Time taa,tacs(Normalized)

Access Time taa,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

16
Ta=25C
14 %
B
12 // zg
g
10 <
/ E
0.8 = 5
S
2
s
0.6 @
04

45 4.75 50 525 55
Supply Voltage Vec (V)
ACCESS TIME
vs. SUPPLY VOLTAGE
13
Ta=25C
12 =
3
11 —E
\ g
10 i
£
0.9 <
08 N
0.7
45 4.75 50 5.25 55
Supply Voltage Vec (V)
ACCESS TIME
vs. LOAD CAPACITANCE
18
16 —_
// i
4 1
// S
12 §
Ta=25C s
Vec=MIN E
10 8
a
08
0.6
100 200 300 400 500

Load Capacitance Ci (pF)

® HITACHI

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee=5.0V

08

0.6

04

0 20 40 60

Ambient Temparature Ta ('C

ACCESS TIME
vs. AMBIENT TEMPERATURE

)

1.3
Vec=5.0V

12

: //

’ //

09

08

0.7

0 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT
vs. FREQUENCY
13 T T T
200ns | 150ns |120ns

12
11
10 —
09
08
0.7

0 4 10

Frequency f (MHz)




Low Input Voltage Vio(Normalized)

Output Current Jon(Normalized)

HM6116-2, HM6116-3, HM6116-4, HM6116P-2, HM6116P-3, HM6116P-4

LOW INPUT VOLTAGE HIGH INPUT VOLTAGE
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
13 13
Ta=25C Ta=25C

1.2 1.2

H
11 _E L1

\% /
L0 /__————"‘ f 10

[ ] H

E /
0.9 - 09
0.8 ;_:‘ 0.8
0.7 0.7
45 4.75 5.0 5.25 5.5 45 4.75 5.0 5.25 5.5

Supply Voltage Vce (V) Supply Voltage Vcc (V)
OUTPUT CURRENT OUTPUT CURRENT
vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE
1.6 1.6
cc=

14 14 /

/

5
Output Current Jor(Normalized)
5

Ta=25"C
Vee=5V
0.8 0.8 /
0.6 0.6 /
04 e o4
1 4 0 0.2 0.4 0.6 0.8
Output Voltage Vou (V) Output Voltage Vor (V)
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HM6116FP-2, HMI6116FP-3,

HMVM6116FP-4

2048-word X 8-bit High Speed Static CMOS RAM

—Preliminary—

BFEATURES
® High Density Small-Sized Package
® Projection Area Redueced to One-Thirds of Conventional DIP
® Thickness Reduced to a Half of Conventional DIP
® Single 5V Supply
® High Speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby Standby: 100uW (typ.)
® Low Power Operation; Operation: 180mW (typ.)
o Completely Static RAM: No clock nor Timing Strobe Required
o Directly TTL Compatible: All Input and Output
e Equal Access and Cycle Time
EFUNCTIONAL BLOCK DIAGRAM (FP-24)
A O———-%: ——O0 Vec
- HPIN ARRANGEMENT
Row ° Memory Matrix ———OGND \J
"’°_‘%———: MK E Ao
— [o ol afa 21| WE
/0 T Column 1/0 als 20 | oE
- | ou [ Column Decoder i 1 | An
e O =
! ] - A 8 17 | 1/0s
1/0s © i a l/ol[z 16 | 170
A A A A b Yo | 10 15 | 1706
/o | 11 14 |1/0s
ﬁo—Do—L onn [ 12 %x/o.
VEO— @ (Top View)
EABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 v
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tos —55 to +125 ‘C
Temperature Under Bias Tiias —10 to +85 °C
Power Dissipation Pr 1.0 w
* Viy min = —1.0V (Pulse Width < 50ns)
ETRUTH TABLE
CS OE WE Mode Vce Current 1/0 Pin Ref. Cycle
H X X Not Selected Ise, Ism High Z
L L H Read Icc Dout Read Cycle(1)~(3)
L H L Write Icc Din Write Cycle(1)
L L L Write Icc Din Write Cycle(2)
Note) T

102 @ HITACHI
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HM6116FP-2, HM6116FP-3, HM6116FP-4

ERECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)

Item Symbol min typ max Unit
Suuply Vol Vee 4.5 5.0 5.5 \Y
t
upply ToTaee GND 0 0 0 v
Vin 2.2 3.5 6.0 v
Input Voltage
Vi, —1.0* — 0.8 v
* Pulse Width : 50ns, DC : Vi min=—0.3V
HDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=0V, Ta=0 to +70°C)
HM6116FP-2 HM6116FP-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | Ir| Vec=5.5V, Vi.=GND to Vcc — - 10 - - 10 HA
CS=Viy or OE=Vix
Output Leak: Cu t I — - 10 - - 10 A
put Leakage Turren Heol 1y _GND to Vee #
Icc CS=Vu, Io=0mA - 40 80 — 35 70 mA
Operating Power Supply
Vin=3.5V, Vi.=0.6V,
Current . —_ 5 — — 30 —_ mA
urren Icar Lo=0mA 3
Average Operating Current Icc: Min. cycle, duty=100% - 40 80 — 35 70 mA
Iss CS=Viu — 5 15 — 5 15 mA
Standby Power Supply 5= Veo0.2V. Vo2V,
Current Ism = Yeem L Tm=tee — | 0.02 2 — | 0.02 2 | ma
—0.2V or V.=0.2V
IoL=4mA - - 0.4 - - - v
VDL
Output Voltage Ior=2.1mA — — — - - 0.4 \'
Vou Ion=—1.0mA 2.4 — — 2.4 — — \"
* Vec=5V, Ta=25C
%% Reference Only
BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70C)
O AC TEST CONDITIONS '
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116FP-2 ‘HM6116FP-3 HM6116FP-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tre 120 - 150 - 200 - ns
Address Access Time taa — 120 — 150 — 200 ns
Chip Select Access Time tacs - 120 — 150 — 200 ns
Chip Selection to Output in Low Z tcrz 10 — 15 — 15 — ns
Output Enable to Output Valid tor — 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 — 15 — ns
Chip Deselection to Output in High Z tcnz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 — 15 — 15 — ns
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HM6116FP-2, HM6116FP-3, HM6116FP-4

® WRITE CYCLE

Item Symbol I'.lMGIIGFP-Z I-.IMGIIGFP'S I:lMGllGFP-‘i Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 — 90 — 120 - ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 — 20 — 20 — ns
Write Pulse Width twp 70 - 90 b 120 - ns
Write Recovery Time twr 5 - 10 — 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 - 60 - ns
Data Hold from Write Time ton 5 — 10 — 10 — ns
Output Active from End of Write tow 5 — 10 — 10 — ns
BCAPACITANCE (f=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Unit

Input Capacitance Cin Via=0V 3 5 pF

Input/Output Capacitance Cro Vio=0V 5 7 pF

H TIMING WAVEFORM
®READ CYCLE (1)"®

e X X

tan

INARRRANY ]
NN e N s v
CKXF

® READ CYCLE (2)(1)(2)(4)(5)

e X X

tow

Dout <

®READ CYCLE (3) " ®

tacs Kz
p——rtc1z
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = Vjyz.
3. Address Valid prior to or coincident with CS transition Low.
4, OE= VI .
S. When 'Cé‘is Low, the address input must not be in the high impedance state.

|

=)

L)
3

104 O HITACHI



HM6116FP-2, HM6116FP-3, HM6116FP-4

ETIMING WAVEFORM
® WRITE CYCLE (1)’

e X X
Z7F AN
SEANNARNNN 777777

WE N N
RONNK A
L’—lunzﬂ(a) e m
Dout

f— thw -——‘r—~lbn—j

C XXXX

®WRITE CYCLE (2)®

&

Address

%
P
%

tow w2}

ANNANNNNTE AV 77777

s ()

P tw ton

NOTES: 1. A write occurs during the overlap (¢yp) of a low CS and a low WE.

. twg is measured from the earlier of CS or WE going high to the end
of write cycle.

3. During this period, I/O pins are in the output state so that the input

signals of opposite phase to the outputs must not be applied.

4. If the CS low transition occurs simultaneously with the WE low
transitions or after the WE transition, output remain in a high
impedance state.

. OE is continuously low. (OE = V1)

. Doyt is the same phase of write data of this write cycle.

. Doyt is the read data of next address.

. If & is Low during this period, I/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.

(3
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HM6116FP-2, HM6116FP-3, HM6116FP-4

106

Supply Current Icc,Icc2(Normalized)

Access Time tas,tacs(Normalized)

Access Time taa,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE
16

Ta=25C

12 =

03/

0.6

04

5 %3 50 525 55
Supply Voltage Vcc (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25'C

0.9

08

45 4.75 50 5.25 5.5
Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

//

12 P~
Ta=25C
Vec=MIN

1.0

08

0.6

100 200 300 400 500

Load Capacitance C. (pF)

@ HITACHI

| Supply Current Icc,lcc2(Normalized)

Access Time taa,tacs(Normalized)

Supply Current Iccz2(Normalized)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee=5.0V

08

0.6

04

0 20 40 60 80
Ambient Temperature T. (C)

ACCESS TIME
vs. AMBIENT TEMPERATURE
13

Vee=5.0V

L~

09

08

o
<

0 20 40 60 80
Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. FREQUENCY
13

200ns | 150ns |120ns

11

0.9

08

0.7

0 2 4 10

Frequency f (MHz)



HM6116L-2, HM61161L--3,

HM61161--4

2048-word X 8-bit High Speed Static CMOS RAM

B FEATURES

@ Single 5V Supply and High Density 24 Pin Package

o High Speed: Fast Access Time

Low Power Standby and
Low Power Operation;
Completely Static RAM:

Standby:

Operation:

B FUNCTIONAL BLOCK DIAGRAM

120ns/150ns/200ns (max.)
20uW (typ.)
160mW (typ.)
No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output
Pin Out Compatible with Standard 16K EPROM/MASK ROM
Equal Access and Cycle Time
Capability of Battery Back up Operation

(DG-24)

wo—§ 1 ! — o
Row ° Memory Matrix ———O GND
Decoder | © 128128 EPIN ARRANGEMENT
mo— wil Y 7] e
———— o ol As E: 23] As
/010 I s Column 1/0 ASE 22 | A
Inpu WE
: : D':.l Column Decoder M E 2 E
' Al 5 20 | OE
: H Control
] — A’E 19 | Ao
1 ‘ A —
1/0s O ' E ‘E 18| CS
A A A A R ME 17 |1/0s
vo[s] 6 |vor
BEo—{>o——L 10| 10 15 | 1/0s
WE O———y L\ 1/0s| 11 14 |1/0s
— U GND | 12 13 |1/04
[oh}
R (Top View)
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5% to +7.0 \Y
Operating Temperature Topr 0 to +70 ‘c
Storage Temperature Tue —65 to +150 ‘C
Temperature Under Bias Tsine —10 to +85 ‘c
Power Dissipation Pr 1.0 w
* Pulse Width 50ns : —1.0V
B TRUTH TABLE
CS OE WE Mode Vcc Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Isp High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)

G HITACHI
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HM6116L-2, HM6116L-3, HM6116L-4

M RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)

Item Symbol min typ max Unit
Suooly Vol Vee 4.5 5.0 5.5 v
u oltage
pply Tottag GND 0 0 0 v
Vi 2.2 3.5 6.0 \'
Input Voltage
Vie —1.0* - 0.8 v

* Pulse Width:50ns, DC: Vi. min=—0.3V

B DC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=0V, Ta=0 to +70°C)

HM6116L/P-2 HM6116L/P-3/-4
Item Symbol Test Conditions Unit
min typ* max min typ* max
Input Leakage Current | I ] Vec=5.5V, Via=GND to Vcc - — 2 - — 2 KA
CS=V or OE=Vi, _ _ _ _
Output Leakage Current | Iol Vio=GND to Vec 2 2 KA
I CS=Vi, Io=0mA - 35 70 — 30 60 mA
Operating Power Supply id v 3';\, ,Vo 0.6V
Current m=3.5V, Vi.=0.6V, _ — _ —
n Icci** I1,0=0mA 30 25 mA
Average Operating Current Icc: min. cycle, duty =100% - 35 70 — 30 60 mA
I CS=V, — 4 12 — 4 12 mA
Standby Power Supply et @gvm AT
Current . cc —U.eV, Via cc — _ _
Issr 102V or Vius0.2v 4 | 10 4| 100 | KA
Tot=4mA - - 0.4 - - —
VDL V
Output Voltage Tor=2.1mA — - - — - 0.4
Vou Ton=—1.0mA 2.4 — — 2.4 = - \'
* : Vcc=5V, Ta=25C
% % | Reference Only
B AC CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
® READ CYCLE
HM6116L-2 HM6116L-3 HM6116L-4
Item Symbol - - - Unit
min max min max min max
Read Cycle Time trc 120 - 150 — 200 - ns
Address Access Time taa - 120 - 150 — 200 ns
Chip Select Access Time tacs - 120 - 150 — 200 ns
Chip Selection to Output in Low Z tcrz 10 — 15 — 15 — ns
Output Enable to Output Valid toe — 80 — 100 — 120 ns
Output Enable to Output in Low Z torz 10 — 15 — 15 — ns
Chip deselection to Output in High Z tenz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 — 15 — ns

108
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HM6116L-2, HM6116L-3, HM6116L-4

®WRITE CYCLE

HM6116L-2 HM6116L-3 HM6116L-4
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 — 90 — 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 - 20 — 20 — ns
Write Pulse Width twp 70 - 90 — 120 — ns
Write Recovery Time twr 5 — 10 — 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twhz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 - 40 - 60 — ns
Data Hold from Write Time ton 5 — 10 — 10 — ns
Qutput Active from End of Write tow 5 - 10 — 10 —_ ns
B CAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin V=0V 3 5 pF
Input/Output Capacitance Cio Vieo=0V 5 7 pF

HE TIMING WAVEFORM
®Read Cycle (1) ' ®

Address )(
S NNNNNNN Y V777777
NN | SY77I77

C XX

®Read Cycle (2) (' @ «“»®

tre

Address )(

=

®Read Cycle (3) ' @» @»®

Ts

Dout

NOTES: 1. WE is High for Read Cycle.

M‘nza_
1
2. Device is continuously selected, CS = V.
3. Address Valid prior to or coincident with CS transition Low.
4. OE=Vy;.
5. When CS is Low, the address input must nqt be in the high
impedance state.
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HM6116L-2, HM6116L-3, HM6116L-4

® Write Cycle (1)

® Write Cycle (2)

Address &

-

_ ZZ}[ \nu(z)

o NSNN\W (7T
" EANRN A

—X XXXX
Address >( )(

AN AN 74 s
N j\\\\\\ " // |

NOTES: 1. A write occurs during the overlap (¢yp) of a transition, output remain in a high impedance
low CS and a low WE. . state.
2. twypg is measured from the earlier of CS or WE 5. OE is continuously low. (OE = Vj;)
going high to the end of write cycle. 6. Doyt is the same phase of write data of this
3. During this period, I/O pins are in the output write cycle.
state so that the input signals of opposite 7. Dyt is the read data of next address.
phase to the outputs must not be applied. 8. If & is Low during this period, I/O pins are
4. If the CS low transition occurs simultaneously in the output state. Then the data input
with the WE low transitions or after the WE signals of opposite phase to the outputs must
not be applied to them.
B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)
Item Symbol Test Conditions min typ max " Unit
Vcc for Data Retention Vor CS2Vee —0.2V, ViazVee —0.2V or Via 0.2V 2.0 - — v
Data Retention Current Iccor*’| Vec=3.0V, CS22.8V, V., 22.8V or Via$0.2V| — — 50 HA
Chip Deselect to Data Retention Time | tcor 0 — - ns
See Retention Waveform
Operation Reéovery Time tr trc** — — ns

* Vi.=—0.3V min.
#* % tac=Read Cycle Time.

®Low Vecc Data Retention Waveform

110

Vee

Y,

Data Retention Mode

/]

Vor22.0V

tcor

2.2V

TS Vor—02V 2.2V m
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Supply Current Icc,lccz (Normalized)

Access Time taa,tacs(Normalized)

Access Time tas, tacs(Normalized)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

1.6
Ta=25C
14
12 //
10
08 ,/
0.6
04
45 4.75 50 525 5.5
Supply Voltage Vcc (V)
ACCESS TIME vs.
SUPPLY VOLTAGE
13
Ta=25C
12
11 P
1.0
09
08
0.7
45 4.75 5.0 5.25 55
Supply Voltage Vcc (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18 -
16 /
14 /
/ i
12
Ta=25C
Vec=MIN
10
08
0.6
100 200 300 400 500

Load Capacitance Cr (pF)

© HITACHI

Supply Current Icc,lccz(Normalized)

Access Time tas,tacs (Normalized)

Supply Current Icc2(Normalized)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

HM6116L-2, HM6116L-3, HM6116L-4

Vee=5.0V

08

06

04

20 40 60
Ambient Temperature Ta ('C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

80

13
Vce=50V
12
. / //
10 /

09

08
07
) 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
FREQUENCY
13 T T T
200ns 150ns  |120ns
12
11
10 ——
—/
| —
0.9
08
0.7
0 2 4 6 8 10

Frequency f (MHz)

1



HM6116L-2, HM6116L-3, HM6116L-4

112

Standby Current Iss (A)

Low Input Voltage Viz(Normalized)

Output Current Ion(Normalized)

LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

HIGH INPUT VOLTAGE vs.

SUPPLY VOLTAGE

13
Ta=25C Ta=25C
1.2 =5 1.2
11 z§ 11
10 g 10
| "1 2
: b
0.9 Z 09
0.8 = 0.8
0.7 0.7
45 4.75 5.0 5.25 55 45 4.75 5.0 5.25 55
Supply Voltage Vec (V) Supply Voltage Vec (V)
OUTPUT CURRENT vs. OUTPUT CURRENT vs.
OUTPUT VOLTAGE OUTPUT VOLTAGE
1.6 1.6
Ta=25C
Vee=5V
14 \ < 14 //
1.2 \ E 1.2
\ £
10 = 10
E Ta=25C
o8 § 08 Vee=5V
] /
0.6 0.6 7
04 0.4
1 0 0.2 04 0.6 0.8
Output Voltage Vou (V) Output Voltage Vor (V)
STANDBY CURRENT vs. STANDBY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
107 2 14
Vec=3V
Cs=2.8V /
1.2
1078 —E 1.0
2
L~ H
/ I /
10 ] S 6 /
/ g / Ta=25C
s CS=Vee—0.2V
/ Y /
1077 0.2
20 40 60 80 3 4 6

Ambient Temperature Ta ('C)

O HITACHI

Supply Voltage Vcc (V)



Standby Current Iss (mA)

STANDBY CURRENT vs.
INPUT VOLTAGE

T
Ta=25C
Vce=5.0V

TS=4.8V

\

N

N

1 2 3 4

Input Voltage Via (V)

@ HITACHI
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HM6116LP-2, HMG6116LP-3,

HMG6116LP-4

2048-word X 8-bit High Speed Static CMOS RAM

B FEATURES
@ Single 5V Supply and High Density 24 Pin Package
@ High Speed: Fast Access Time
® | ow Power Standby and

Low Power Operation;

Standby:

Directly TTL Compatible: All Input and Output

Pin Out Compatible with Standard 16K EPROM/MASK ROM
Equal Access and Cycle Time

Capability of Battery Back up Operation

H FUNCTIONAL BLOCK DIAGRAM

120ns/150ns/200ns (max.)
10uW (typ.)
Operation: 160mW (typ.)
Completely Static RAM:  No clock nor Timing Strobe Required

(DP-24)

A,o___{%:: ——OWe
- HPIN ARRANGEMENT
Row ° Memory Matrix ———O GND
g Decoder | ® A [I e 24 | Vee
128X128 M
~ . L] 23| As
Aro——%_—_ a3 A
—— fo o] K 2| WE
I/ z Column 1/0 Al s zolT)E
Input oot Deced A | 6 19 | Ao
) olumn C
i : Data o A1 E 18 E
| ! Control
' - — amfs 17 |vo
1
/0 O0— Pl vo s 16 | /0,
1
A A A Ae ' o[ 10 15 | Vo
r—l /o 11 H|1/0s
OE o—Do——I- GND | 12 13 | 1/04
WEo——_ 41 ) (Top View)
. 1 J op View,
Ccs
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5* to +7.0 v
Operating Temperature Topr 0 to +70 ‘c
Storage Temperature Tue —55 to +125 ‘c
Temperature Under Bias Thiae —10 to +85 ‘c
Power Dissipation Pr 1.0 w
#* Pulse Width 50ns : —1.0V
B TRUTH TABLE
CS OE WE Mode Vce Current 1/0 Pin Ref. Cycle
H X X Not Selected Iss, Iser High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)

14 @ HITACHI




HM6116LP- 2, HM6116LP-3, HM6116LP-4

B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)

Item Symbol min typ max Unit
Supoly Vol Vee 4.5 5.0 5.5 \"
t
upply Hottese GND 0 0 0 v
Viu 2.2 3.5 6.0 v
Input Voltage
Vi —1.0* - 0.8 \'

* Pulse Width:50ns, DC: Vi. min=—0.3V

B DC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=6V, Ta=9 to +70°C)

HM6116LP-2 HM6116LP-3/-4
Item Symbol Test Conditions - Unit
min typ* max min typ* max
Input Leakage Current | Iui | Vece=5.5V, Vi.=GND to Vcc — -_ 2 — — 2 HA
E‘-V”{ or 6]‘5"‘/!.‘!. —_ —_ b p— —
Output Leakage Current | Io | Vi.o=GND to Vec 2 2 KA
. Icc CS=Vi., I.o=0mA - 35 70 — 30 60 mA
Operating Power Supply V3.8V Viim0.6v
Current m=3.5V, Vi.=0.6V, _ _ _ _
Icci** I1,0=0mA 30 25 mA
Average Operating Current Icc: min. cycle, duty =100% — 35 70 — 30 60 mA
CS=V, - 4 12 — 4 12 mA
Standby Power Supply Iss ﬁzvm IV VsV
Cu t 2Vee —0.2V, ViazVec — _ _
rren Iser 1 0.2V or V0.2V 2| %0 2| 501 kA
Tor=4mA — — 0.4 — - -
Vo \%
Output Voltage Ior=2.1mA — - — — — 0.4
Vou Ion=—1.0mA 2.4 — — 2.4 — — A
*  Vcc=5V, Ta=25C
* % . Reference Only
M AC CHARACTERISTICS (Vcc=5V £10%, Ta=0 to +70C)
O®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C; = 100pF (including scope and jig)
®READ CYCLE
HM6116LP-2 HM6116LP-3 HM6116LP-4
Item Symbol - - - - Unit
min max min max min max
Read Cycle Time trc 120 — 150 — 200 — ns
Address Access Time taa — 120 - 150 — 200 ns
Chip Select Access Time tacs — 120 - 150 — 200 ns
Chip Selection to Output in Low Z tcrz 10 — 15 - 15 — ns
Output Enable to Output Valid toe - 80 — 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 - 15 — ns
Chip Deselection to Output in High Z teuz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change ton 10 - 15 — 15 — ns
@ HITACHI 115



HM6116LP-2, HM6116LP-3, HM6116LP-4

® WRITE CYCLE

HM6116LP-2 HM6116LP-3 HM6116LP-4 .
Item Symbol - - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 — 90 - 120 — ns
Address Valid to End of Write taw 105 - 120 — 140 — ns
Address Set Up Time tas 20 — 20 — 20 — ns
Write Pulse Width twep 70 — 90 — 120 — ns
Write Recovery Time twr 5 — 10 — 10 — ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twiz 0 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 — 60 — ns
Data Hold from Write Time ton 5 - 10 — 10 — ns
Output Active from End of Write tow 5 — 10 — 10 — ns
B CAPACITANCE (f=1MHz, Ta=257C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin V=0V 3 5 pF
Input/Output Capacitance Cro Vio=0V 5 7 pF

H TIMING WAVEFORM
®Read Cycle (1) ¢ ®

X X

taa

ANANANNNY KIT777;
= XX e | Y7777

tacs

Dout e L ><><>_

® Read Cycle (2) C1)y (2)y (4)y (5)

A

=

s X )4
) X

® Read Cycle (3) 1)y (3D (4)y (5)

tacs tenz
E— Lz
Dout

. WE is High for Read Cycle.

. Device is continuously selected, CS = Vrir.

. Address Valid prior to or coincident with CS transition Low.

. OE=Vp;.

. When CS is Low, the address input must not be in the high
impedance state.

16 @ HITACHI
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® Write Cycle (1)

® Write Cycle (2)

NOTES: 1.

-]

Address

twa(2)

NN\

SN\ ANNNN N K777777
" ERANNNY A’
tonr L o

Dout > ‘
~X XXXX
Address >( )(7
— YT\\T\\\i,x_ “ / ‘7(2/)/////
es AN AN N N N AV /LS
_ (1)
" L_ }\\\ ]{ —ton

tas etz —{(3) e (6) ©)
b IIIIIVIVIVDP

®

3

A write occurs during the overlap (fyp) of a
low CS and a low WE.

. twg is measured from the earlier of CS or WE

going high to the end of write cycle.

During this period, 1/O pins are in the output
state so that the input signals of opposite
phase to the outputs must not be applied.

. If the CS low transition occurs simultaneously

with the WE low transitions or after the WE

transition, output remain in a high impedance
state.

. OE is continuously low. (OE = V1)
. Dout is the same phase of write data of this

write cycle.
Doyt is the read data of next address.

& is Low during this period, 1/O pins are
in the output state. Then the data input
signals of opposite phase to the outputs must
not be applied to them.

HM6116LP-2, HM6116LP-3, HM6116LP-4

BLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)
Item Symbol Test Conditions min typ max Unit
Vcc for Data Retention Vor CS2Vee 0.2V, Vie2Vee —0.2V or Vi 0.2V 2.0 — - \%
Data Retention Current Iccor® | Vec=3.0V, CS=22.8V, V..22.8V or V.. 0.2V - — 30 KA
Chip Deselect to Data Retention Time | tcor . 0 — — ns
See Retention Waveform

Operation Recovery Time tr trc** — - ns

* 10 #A max at Ta=0T to +40C, Vi. min=—0.3V
* * trc=Read Cycle Time.
®Low Vcc Data Retention Waveform

Data Retention Mode
— asvy K45V
Vee \ Vor22.0V /
tcor 173
@ HITACHI 17



HM6116LP-2, HM6116LP-3, HM6116LP-4

Supply Current Icc,lccz (Normalized)

Access Time taa,tacs(Normalized)

Access Time taa,tacs(Normalized)

118

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

16

Ta=25C
14
12 /1
10

0.6

04

45 4.75 50 525 55
Supply Voltage Vec (V)

ACCESS TIME vs.
SUPPLY VOLTAGE

Ta=25C

0.9

08

0.7

45 4.75 5.0 5.25 55
Supply Voltage Vec (V)

ACCESS TIME vs.
LOAD CAPACITANCE
18

14 //

e

12
Ta=25C
Vec=MIN
10
08
0.6
100 200 300 400 500

Load Capacitance C. (pF)

O HITACHI

Supply Current Icc,Icca(Normalized)

Access Time tas,tacs (Normalized)

Supply Current Icc2(Normalized)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Vee=5.0V

08

0.6

04
0 20 40 60 80

Ambient Temperature Ta (C)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=5.0V

/

Pl

11 /
10 /,

09
08
0.7
0 20 40 60 80
Ambient Temperature Ta (C)
SUPPLY CURRENT vs.
FREQUENCY
13 T T T
200ns 150ns 120ns
12
11
10 ——
-/
0.9
08
0.7
0 4 8 10

Frequency f (MHz)



LOW INPUT VOLTAGE vs.
SUPPLY VOLTAGE

HIGH INPUT VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25C Ta=25C
1.2 ~ 12
= 3
Tl; 11 E L1
2 )
s 10 1 N L—
o M — g 10
? / 2
3 S /
.?; 0.9 §. 0.9
H 3
ST T
0.7 0.7
45 4.75 5.0 5.25 5.5 45 4.75 5.0 '5.25 5.5
Supply Voltage Vec (V) Supply Voltage Vee (V)
OUTPUT CURRENT vs. OUTPUT CURRENT vs.
OUTPUT VOLTAGE OUTPUT VOLTAGE
14 14 /
3 \ 3 /
3 12 \ ERY
-? 1.0 ‘S 1.0
E \ H Ta=25C
"E o8 L: 08 Vee=5V
: : /
0.6 \ 0.6 /
0.4 04
1 4 0 0.2 0.4 0.6 0.8
Output Voltage Vou (V) Output Voltage Vor (V)
STANDBY CURRENT vs. STANDBY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
1074 14
12 /
3
’5:, 10-% ‘g 1.0
g < g
3 s /
T 107 - 3 46 /
& / 2 Ta=257C
; / CS=Vec—0.2V
[ 0.4 //
1077 0.2
20 40 60 80 2 4

Ambient Temperature Ta (°C)

G HITACHI

Supply Voltage Vec (V)

HM6116LP-2, HM6116LP-3, HM6116LP-4
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HM6116LP-2, HM6116LP-3, HM6116LP-4

STANDBY CURRENT vs.
INPUT VOLTAGE
10

I
Ta=25C

Vee=5.0V
C3=4.8v
8
<
L]
5 s
E
2
H
S 4
=
3
s
@
: N
[} N
1 2 3 4 6

Input Voltage Vix (V)

120 @ HITACHI



HM6116LFP-2, HM6116LFP-3,
HMG6116LFP-4 Preliminary

2048-word X 8-bit High Speed Static CMOS RAM

HMFEATURES

e High Density Small-sized Package

e Projection Area Redueced to One-Thirds of conventional DIP

@ Thickness Reduced to a Half of Conventional DIP

e Single 5V Supply

e High Speed: Fast Access Time 120ns/150ns/200ns (max.)

® Low Power Standby and Standby: 10uW (typ.)
Low Power Operation; Operation: 160mW (typ.)

e Completely Static RAM: No Clock nor Timing Strobe Required

e Directly TTL Compatible: All Input and Output

e Equal Access and Cycle Time

@ Capability of Battery Back up Operation (FP-24)

EMFUNCTIONAL BLOCK DIAGRAM BPIN ARRANGEMENT

no—— 1 —o J
Al 1
Memory Matrix —QOCGND A} 2 23 | As

x Row
Decode

i 128X 128 A“ 3 22 | Ao

A1o————%: A 21 | WE

T

1 l As| 5 20 | OE
—_——J L] o
A 6 19 | A
/0 . Column 1/0 A.| 7 18 | CS
Input
H ' Column Decoder Af 8 17 | 1/0s
: : Data
| ' Control /o 9 16 | 1/0
' _—
1 /02| 10 15 | 1/0s
1/08 O— : !
by /o 11 14 | 1/0s
Ao As As At |
GND | 12 13 | I/04

OF O—DO—I' (Top View)
WE O0—————

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr —0.5*to +7.0 \"
Operating Temperature Topr 0 to +70 °C
Storage Temperature Toe —55 to +125 ‘C
Temperature Under Bias Thias —10 to +85 °C
Power Dissipation Pr 1.0 w

* Viv min=—1.0V (Pulse Width < 50ns)

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. reqarding specifications.
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HM6116LFP-2, HM6116LFP-3, HM6116LFP-4

HETRUTH TABLE

CS OE WE Mode Vce Current ‘1/0 Pin Ref. Cycle
H X X Not Selected Iss, Ism High Z
L L H Read Icc Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
HMRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Vol
uppy Toltage GND 0 0 0 v
Input Volt Vin 2.2 3.5 6.0 v
nput Yotage Vi ~1.0° — 0.8 v

* Pulse Width: 50ns, DC: Vi min=—0.3V.

HDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=0V, Ta=0 to +70°C)

- HM6116LFP-2 HM6116LFP-3/-4 i
Item Symbol Test Conditions - Unit
min typ* max min typ* max
Input Leakage Current | Itr| | Vee=5.5V, Via=GND to Vcc — — 2 - - 2 HA
CS=Vis or OE=Vi,
Output Leak C t I - — 2 — - 2 A
utput Leakage Currnn | Io | Vi o=GND to Vee K
. Icc CS=Vi, I,0=0mA — 35 70 — 30 60 mA
Operating Power Supply
Current Tooros Vie=3.5V, Vi.=0.6V, _ 30 _ _ 2% _ mA
I, 0=0mA
Average Operating Current | Icc: Min cycle, duty=100% — 35 70 —_ 30 60 mA
I CS=V, - 4 12 = 4 12 mA
Standby Power Supply 2 =
G R I CSz=Vcc—0.2V, Vi.2Vcc : 50 2 50 A
r — —
e | —0.2V or V0.2V A
Tor=4mA = — . — — —
V0L oL 0 4 v
Output Voltage Ior=2.1mA — — — — — 0.4
Vou Ion=—1.0mA 2.4 — — 2.4 — — \
* : Vee=5V, Ta=25C
% % . Reference Only
BMAC CHARACTERISTICS (Vcc=5V£10%, Ta=0 to +70°C)
®AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and C7, = 100pF (including scope and jig)
®READ CYCLE
HM6116LFP-2 HM6116LFP-3 HM6116LFP-4 )
Item Symbol - - - Unit
min max min max min max
Read Cycle Time trc 120 — 150 — 200 — ns
Address Access Time taa — 120 — 150 — 200 ns
Chip Select Access Time tacs — 120 — 150 — 200 ns
Chip Selection to Output in Low Z tcrz 10 — 15 — 15 — ns
Output Enable to Output Valid toe - 80 — 100 — 120 ns
Output Enable to Output in Low Z torz 10 — 15 — 15 — ns
Chip deselection to Output in High Z tcuz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change tow 10 — 15 — 15 — ns
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®WRITE CYCLE

HM6116LFP-2, HM6116LFP-3. HM6116LFP-4

HM6116LFP-2 HM6116LFP-3 HM6116LFP-4 .
Item Symbol = - - Unit
min max min max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 - 90 — 120 — ns
Address Valid to End of Write taw 105 — 120 — 140 — ns
Address Set Up Time tas 20 - 20 — 20 - ns
Write Pulse Width twp 70 — 90 — 120 —~ ns
Write Recovery Time twr 5 — 10 — 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz [} 50 0 60 0 60 ns
Data to Write Time Overlap tow 35 — 40 — 60 — ns
Data Hold from Write Time ton 5 — 10 — 10 — ns
Output Active from End of Write tow 5 — 10 — 10 — ns
BMCAPACITANCE (f=1MHz, Ta=25C)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cro Vi,o=0V 5 7 pF
ETIMING WAVEFORM
®READ CYCLE (1)
tre
Address >( >(
taa
0E N
LEANNNNNNN 1
oty —==i
CS p——t01.7—= /
; : K / / / / /
tacys “,‘" “
Dout . Q >
®READ CYCLE (3)(!)(1)(1)(5)
trRC
Address >< ><
taa |
XXX T
O®READ CYCLE (2)"®@W®
cs \|
N
tCHZ =
Dout >L-——
NOTES: 1. WE is High for Read Cycle _
2. Device is continuously selected, CS= ¥V
3. Address Valid prior to or coincident with CS
transition Low.
4. OE=Vy;.
5. When CS is Low, the address input must not
be in the high impedance state.
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®WRITE CYCLE (1)

® Write Cycle (1) Notes) 1 twe

Address ><

twe(2)

= 7

ANNNN

AN\ N\R

). SNIIA

taw

_ —
" FONN\K Y
torz O e ()
Do 20007 e e
Din

® WRITE CYCLE (2)®

NOTES: 1. A write occurs during the overlap (fyp) of a

§

Address )Q

tew twa(2)
s N Nw 4
77777
twe(1)
WE | j \\ /( o
— twaz(3)
tow (6) (1)
Dout AN
L Z F toW ——te—— 1o —(8)
Din VAVAVAE
N AVAN
state.

low CS and a low WE.

. OEis continuously low. (OE = V)

2. twg is measured from the earlier of CSorWE 6. Doyt is the same phase of write data of this
going high to the end of write cycle. write cycle.
3. During this period, I/O pins are in the output 7. DO&is the read data of next address.
state so that the input signals of opposite 8. If is Low during this period, I/O pins are
phase to the outputs must not be applied. in the output state. Then the data input
4, If the CS low transition occurs simultaneously signals of opposite phase to the outputs must
with the WE low transitions or after the WE not be applied to them.
transition, output remain in a high impedance
BLOW V.. DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C)
Item Symbol Test Conditions min typ max Unit
CSz=Vec—0.
Vcc for Data Retention Vor 2Vee—0.2v 2.0 — — v
VinzVec—0.2V or Vins0.2V
Vcc"3.ov _(f;Z.SV
Data Retention C t Iccor® ! — - A
ata Retention Curren ccoRr Vin22.8V or Ving0.2V 30 M
Chip Deselect to Data Retention Time tcor 0 - — ns
- - See Retention Waveform
Operation Recovery Time tr **trc - - ns

* Vi. min=—0.3V, 10 #A max (at Ta=0 to +40TC)
# % tpc=Read Cycle Time.

®Low Vcc DATA RETENTION WAVEFORM

124

Data Retention Mode

v Y sy
Vec
VorZ2.0V

teor

o

2.2v

S Vor—0.2V

22v
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HM6117P-3, HMG6117P-4 — Preliminary —

2048-word X 8-bit High Speed Static CMOS RAM

HMFEATURES
® Single 5V Supply and High Density 24 pin Package.
® High Speed: Fast Access Time 150ns/200ns (max.)
e Low Power Standby and Standby: 100uW (typ.)

Low Power Operation: Operation: 200mW (typ.)
e Completely Static RAM:  No clock nor Timing Strobe Required
® Directly TTL Compatible: All Input and Output
® Pin Out Compatible with Standard 16K EPROM/MASK ROM
® Equal Access and Cycle Time
HFUNCTIONAL BLOCK DIAGRAM

(DP-24)

A o——ﬁ:
Az —0 Vec

A3
A
As

HPIN ARRANGEMENT
Row - Memory Matrix ——=o GND — |
S Decoder : 128X 128 Ar E E Vee

:: 0———?: — B a2] 23] &
s3] [22] A
nag

1 1 NT e

/04
0 -—
| . Column I/ A’E 20| CE:2
[} nput
: ' s Data Column Decoder At Eﬁ 319 A
i
1l Control -
i — ! a7 18] TE
Voo - > ) &l : : Aol 8 17' 1/0s
Ao As Ay Aw 1!
i voi[s] 16] 1/0

0
[
~

1/01 [10] [15] /04
7 m 14] 1705

CE1
GNDf12 13 1704
E o— (2] 5]
(Top View)
BMABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit

Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 \'

Power Dissipation Pr 1.0 w

Operating Temperature Topr 0 to +70 ‘C

Storage Temperature Tt —55 to +125 °C

Temperature Under Bias Thias —10 to +85 ‘C

* Pulse width 50ns . —1.0V

HTRUTH TABLE

CE CE. WE Mode Vec Current 1/0 Pin
H X X Not Selected Iccn High Z
X H X Not Selected Tccrz High Z
L L H Read Icc Dout
L L L Write Icc Din

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.
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HRECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \4

Supply Volt
upply Vollage GND 0 0 0 v
Input High (logic 1) Voltage Vi 2.2 3.5 6.0 v
Input Low (logic 0) Voltage Vi —1.0* — 0.8 v

* Pulse width: 50ns, DC: Vimin=—0.3V

HMDC AND OPERATING CHARACTERISTICS (Ta=0T to +70C, Vcc=5V+10%, GND=0V)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Iur | Via=GND to Vcc — - 10 HA
Output Leak C " II I ﬁl“Vm OTEE‘VIH 10 A
re - -
pu cakage Lurren Lo Vi,0=GND to Vcc #
ting Py Suppl e e
Operating Power Supply Icc CE\=CE:=V., Ii,0=0mA - 40 80 mA
Current . DC
Min cycle, duty=100%
A Operating C t I — — - 40 80 mA
verage Operating Curren cc1 CE.=Vi, CEa=Vu.
Standby Power Supply CEi1=Vcc—0.2V,
Iccn* — 0.02 2 mA
Current (1): DC | VinEVee—0.2V or Vins0.2V
Standby Power Supply Teeps® CEo2 Veom0.2V 0.02 9 A
Current (2): DC e e ‘
Output low Voltage Vor To,=2.1mA — — 0.4 \'/
Output High Voltage Vou Ton=—1.0mA 2.4 — — \'
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) * Viaw=—0.3V
BMCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Civ Vin=0V 3 5 pF
Input/Output Capacitance Cro Vi,o=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
BMAC CHARACTERISTICS (Ta=0T to +70C, Vcc=5V+10% unless otherwise noted)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1 TTL Gate and Cp=100pF (including scope and jig)
O®READ CYCLE
HM6117P- HM6117P-4
Item Symbol - 6 3 - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time taa — 150 — 200 ns
Chip Enable (CE:) to Output tcor — 150 — 200 ns
Chip Enable (CE:) to Output tcoz - 150 — 200 ns
Chip Enable (CE:) to Output in Low Z tiz 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z tLze 10 — 10 — ns
Chip Disable (CE:) to Output in High Z thzi 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z thze 0 70 0 80 ns
Output Hold from Address Changf ton 15 — 15 — ns

126

® HITACHI
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O TIMING WAVEFORM OF READ CYCLE

(Notes 1, 2)

tRC

Address ><

g 12
NN t:'" V. s
Dout -——®< Data Valid T

NOTES: 1. WE is High for Read Cycle.
2. When CE1 and CE2 are Low, the address
input must not be in the high impedance
state.
O®WRITE CYCLE
HM6117P-3 HM6117P-4 .
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 - 200 — ns
Chip Enable (CE,) to End of Write tew 100 — 120 — ns
Chip Enable (CE;) to End of Write tew 110 — 130 - ns
Address Set Up Time tas 20 — 20 - ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twp 100 — 120 — ns
Write Recovery Time twr 15 — 15 - ns
Write to Output in High Z twiz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time ton 20 — 20 — ns
Output Active from End of Write tow 10 — 10 — ns
O TIMING WAVEFORM OF WRITE CYCLE
twe
Address \l/ /
N Y, \\
tew —t tn
% N

NOTES:

tewz

ARV

()
(5) /
1

CE: /
Taw
- twe (1)
WE
tas(2) }k\ N /]
twiz(4) ‘—_]/a,v‘
SUTNTRINNVRNNINRNNANAN \\:1
Dout D527 4
tow
)
Din Data In Valid %@%&

1 A write occurs during the
overlap (typ) of low CE,,
CE, and WE,

2. tAS is measured from the
address changes to the bigin-
ning of the write,

3. tyg is measured from the
earlier of CE,, CE or WE
going high to the end/of
write cycle.

4, During this period, I/O pins
are in the output state so
that the input signals of
opposite phase to the out-
puts must not be applied.

5. If the CE, or CE, low transi-
simultaneously
with the WE low transitions or

tion occurs

after the WE transitions, out-
put remain in a high im-
pedance state.

@ HITACHI

6. Dout is the same phase of
write data of this write
cycle.

7. Dout is the read data of next
address. S

8. If CE, and CE, are low
during this period, I/O pins
are in the output state. Then
the data input signals of op-
posite phase to the outputs
must not be applied to them.
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Access Time tas,tacs(Normalized) Supply Current Icc,lccz (Normalized)

Access Time taa,tacs(Normalized)

128

SUPPLY CURRENT
vs. SUPPLY VOLTAGE
16

Ta=25C
14

12 /

10

0.6

04

45 4.75 50 5.25 55
Supply Voltage Vcc (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

0.9

08

0.7

45 4.75 5.0 5.25 55
Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

' -
12 /

Ta=25C
Vec=MIN
10
08
0.6
100 200 300 400 500

Load Capacitance C. (pF)

@ HITACHI

Supply Current Icc,lccz(Normalized)

Access Time taa,tacs(Normalized)

Supply Current Icc2(Normalized)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
16

Vec=5.0V

—
ES

—
)

/

o
o

e
3

04

0 20 40 60 80
Ambient Temperature Ta ('C)

ACCESS TIME
vs. AMBIENT TEMPERATURE
13

Vee=5.0V

_~

S

\

\

e
©

o
o

e
3

0 20 40 60 80
Ambient Temperature Ta (C)

SUPPLY CURRENT
vs. FREQUENCY

13

200ns | 150ns  |120ns

11

0.9

08

0.7

0 4 6 8 10
Frequency f (MHz)



Low Input Voltage Vii(Normalized)

Output Current Jow(Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25C
1.2
=
8
11 g
2
/ =
10 R S
"] ;'f
=
0.9 -
3
£
=
4
0.8 =
0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)

OUTPUT HIGH CURRENT

vs. OUTPUT HIGH VOLTAGE
16

Ta=25C
Vee=5V

0.8

0.6

Output Current lor(Normalized)

0.4

Output Voltage Vou (V)

@ HITACHI

INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

13
Ta=25C
1.2
11
1.0

0.8

0.7
45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)
OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE
1.6
14 /A
1.2
1.0
Ta=25C
Vee=5V
0.8 /
0.6 /
04 0.2 04 0.6 0.8

Output Voltage VoL (V)

HM6117P-3, HM6117P-4
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HMG6117FP-3, HMG117FP-4 —Preliminary

2048-word X 8-bit High Speed Static CMOS RAM

HMFEATURES

® High Density Small Sized Package

® Projection Area Reduced to One-Thirds of Conventional DIP

® Thickness Reduced to a Half of Conventional DIP

® Single 5V Supply and High Density 24 pin Package.

® High Speed: Fast Access Time 150ns/200ns (max.)

® Low Power Standby and Standby: 100uW (typ.)

Low Power Operation: Operation: 200mW (typ.)

e Completely Static RAM:  No clock nor Timing Strobe Required

® Directly TTL Compatible: All Input and Output

® Pin Out Compatible with Standard 16K EPROM/MASK ROM

e Equal Access and Cycle Time (FP-24)

HFUNCTIONAL BLOCK DIAGRAM PIN ARRANGEMENT

—

A N 2] Vec
N ——0 Vec a(z] 2] A
As -
A4 s Row Memory Matrix ——o0 GND A;E E As
: ' Decoder __ 128X 128 a3 _2__1]'W_E
A7

a[5] 20 CEs

— — ~ 2]«

CE
V0, Column 1/0 a7 18] CEx
Input | 17| 1/0s
Column Decoder Aol 8

e

cl::on voi[3] [16] 1/04
—— 1701 [10} [15] 1/04

1
V/Os o [
L ¢ rry ™ 5 : : [/Q,E EI/O;
|
! GND[12 13] 1704
I—1 (Top View)
CElo
WE o0——
HABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 \%
Power Dissipation Pr 1.0 W
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Tute —55 to +125 ‘C
Temperature Under Bias Tsian —10 to +85 ‘C
#* Pulse width 50ns: —1.0V
ETRUTH TABLE
CE | CE. | WE Mode Vcc Current 1/0 Pin
H X X Not Selected Tcerr High Z
X H X Not Selected Iccre High Z
L L H Read Icc Dout
L L L Write Icc Din

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.
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BRECOMMENDED DC

OPERATING CONDITIONS (0°C=<Ta<70°C)

HM6117FP-3, HM6117FP-4

Item Symbol min typ max Unit

Vee 4.5 5.0 5.5 A%

Supply Voltage &ND ° ° 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 v
Input low (logic 0) Voltage Vio —1.0* — 0.8 v

#* Pulse width: 50ns, DC: Viaw=—0.3V

BDC AND OPERATING CHARACTERISTICS (Ta=0T to +70TC, Vcc=5V+10%, GND=0V)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Ies | V:a=GND to Vcc — — 10 MA
Output Leak G . (Lo CEi=Vi or CE:=Vix i0 4A
eal - -
P oge Turren “! | Vio=GND to Vec
ting P Suppl
Opera ln-g SWEE SUPEY Icc CE\=CE:=Vi., Io~0mA — 40 80 mA
Current : DC
Mi le, duty=100%
Average Operating Current Iccy C_E: :);,c': ézy_ - ’ - 40 80 mA
CEi12Vcc—0.2V,
Standby Power Supply Teews® CEi2Vcc—0.2V, _ 0.02 2 mA
Current (1) : DC ViN2Vec—0.2V or Vins0.2V
Standby Power Supply . —
CE:2Vcc—0.2V - 0.02 2 mA
Current (2): DC fecus Ee2 Vee—0
Output low Voltage VoL Tor=2.1mA — — 0.4 \"
Output High Voltage Vou Ton=—1.0mA 2.4 — — v
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) *:Vie=—0.3V
BMCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cro Viio=0V 5 7 pF
Note) This parameter is sampled and not 100% tested.
WAC CHARACTERISTICS (Te=0T to +70T, Vcc=5VE10% uniess otherwise noted)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and Cy, = 100pF (including scope and jig)
O®READ CYCLE
HM6117P-3 HM6117P-4
Item Symbol - - Unit
min max min max
Read Cycle Time tre 150 — 200 - ns
Address Access Time tas — 150 — 200 ns
Chip Enable (CE:) to Output tcor — ! 150 -_ 200 ns
Chip Enable (CE:) to Output tcoz - 150 - 200 ns
Chip Enable (CE:) to Output in Low Z tLz 10 — 10 - ns
Chip Enable (CE:) to Output in Low Z tLze 10 — 10 — ns
Chip Disable (CE:) to Output in High Z tuz1 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z thzz 0 70 80 ns
Output Hold from Address Change ton 15 - 15 - ns
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® TIMING WAVEFORM OF READ CYCLE (Notes 1, 2)

tre

Address >L - tox
Ch \\\\\\\\ \m:“" ////'/ﬁ /W
N\ L
Dout @( Data Valid > <X>—

NOTES: 1. WE is High for Read Cycle.
2. When CE, and CE, are Low, the address
input must not be in the high impedance

state.

® WRITE CYCLE

HM6117P-3 HM6117P-4 X
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE:) to End of Write tew 100 — 120 — ns
Chip Enable (CE:) to End of Write tcwe 110 — 130 - ns
Address Set Up Time tas 20 - 20 — ns
Address Valid to End of Write taw 130 — 150 - ns
Write Pulse Width twep 100 — 120 — ns
Write Recovery Time twr 15 — 15 - ns
Write to Output in High Z twiz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 -_ ns
Data Hold from Write Time ton 20 — 20 — ns
Output Active from End of Write tow 10 - 10 - ns
® TIMING WAVEFORM OF WRITE CYCLE
twe
>( Tewi —— M—/anz
& TN /
tcwz
1
WE = twe (1) /
tas(2) }\ /| tou
SUUUTTIR VRV NTNNNNNNNNNANN
Dout > 27
N tow ton
(8)
Din 4®E Data In Valid e%%é
NOTES: 1. A write occurs during_the 4. During this period, I/O pins pedanqe state.
overlap (typ) of low CE,, are in the output state so 6. DO}" is the same ?hase .Of
CE, and WE, that the input signals of write data of this write

2. t g is measured from the add- opposite phase to the out- cycle._
ress changes to the biginning puts must not be applied. 7. Dd(;lut is the read data of next
of the write. 5. If the CE, or CE, low transi- address. ——

3. twg is measured from the ’ tion occ‘urs sir:xultaneously 8. If .CE‘ and (.:E’ are low
earlier of CE,, CE, or WE with the WE low transitions or dun.ng this period, I/O pins
going high to the end/of after the WE transitions, out- are in the output state. Then
write cycle. e 5 O the data input signals of op-

put remain in a high im- posite phase to the outputs
must not be applied to them.
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Supply Current Icc,Iccz (Normalized)

Access Time taa,tacs(Normalized)

Access Time tas,tacs(Normalized)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

08 >

0.6

04

45 4.75 50 5.25 55
Supply Voltage Vcc (V)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

09

0.8

0.7

45 4.75 50 5.25 5.5
Supply Voltage Vec (V)

ACCESS TIME
vs. LOAD CAPACITANCE

/

//

12 p”
Ta=25'C
Vec=MIN

10

08

0.6

100 200 300 400 500

Load Capacitance Cr (pF)

Supply Current Icc,Icc2(Normalized)

Access Time tas,tacs(Normalized)

Supply Current Iccz2(Normalized)
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SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee=5.0V

10 ]

08

0.6

04

0 20 40 60 80

Ambient Temperature Ta ('C)

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=50V

L~

09

08

0.7

0 20 40 60 80
Ambient Temperature Ta ('C)

SUPPLY CURRENT.

vs. FREQUENCY
13

T T T
200ns | 150ns |120ns

09

08

0.7

0 4 6 8 10
Frequency f (MHz)

HM6117FP-3, HM6117FP-4
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134

Low Input Voltage ViL(Normalized)

Output Current Iow(Normalized)

INPUT LOW VOLTAGE
vs. SUPPLY VOLTAGE
13

Ta=25'C

1.2

0.9

08

0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

1.6

Ta=25C
Vee=5V

J N

0.6

Output Voltage Vou (V)

High Input Voltage Viy(Normalized)

Output Current Jos(Normalized)
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INPUT HIGH VOLTAGE
vs. SUPPLY VOLTAGE

13

Ta=25C

08

0.7
45 4.75 5.0 5.25 55

Supply Voltage Vcc (V)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

16

/

14 /
1.2

Ta=25C
Vee=5V

L1/
/

0.2 04 0.6 0.8
Output Voltage Vor (V)

04




HM6117LP-3, HM6117L.P-4 Preliminary-

2048-word X 8-bit High Speed Static CMOS RAM

BFEATURES
e Single 5V Supply and High Density 24 Pin Package.
® High Speed: Fast Access Time 150ns/200ns max.

® Low Power Standby and Low Power Operation;
Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up
Operation: 180mW (typ.)

® Completely Static RAM: No clock nor Timing Strobe Required
@ Directly TTL Compatible: All Input and Output
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM
® Equal Access and Cycle Time
® Capability of Battery Back up Operation
EFUNCTIONAL BLOCK DIAGRAM (DP-20
» o BWPIN ARRANGEMENT
As \ - ok [ "}
As : S Row : Memory Matrix ~——o0 GND A7E 24 Vee
: | Decader | - | 128128 a2] 23] A
A7 °——'—F A,E 22] As
WE
— — gn 1]
Vo fr | Column 1/O a[E] 20] CEx
i i ]];‘:: Column Decoder A‘E Ef:
: : s Control A'E ECE‘
Voo tips —~ B w[ R vo
- [HE A Pa A Aw S o voi[9] [15] 1/0s
- 0l 1/0¢ [10] Ex/o.
ﬁ x/o;E [14] 1705
CE1 00— GNDE 13] 1/04

=

E (Top View)

HABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 \Y%
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Toe —55 to +125 °C
Temperature Under Bias Thias —10 to +85 ‘C
Power Dissipation Pr 1.0 W

* Pulse width 50ns . —1.0V

BTRUTH TABLE

CE: CE: WE Mode Vce Current 1/0 Pin
H X X Not Selected Iccn High Z
X H X Not Selected Iccez High Z
L L H Read Icc Dout
L L L Write Icc Din

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.

@ HITACHI 135



HM6117LP-3, HM6117LP-4

HRECOMMENDED DC OPERATING CONDITIONS (Ta=0°C to+70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \
Supply Voltage GND o ° 0 v
Input High (logic 1) Voltage Vin 2.2 3.5 6.0 v
Input low (logic 0) Voltage Vi —1.0* — 0.8 \'/

* Pulse Width: 50ns, DC: Viiei=—0.3V.

BDC AND OPERATING CHARACTERISTICS (Ta=0C to +70°C, Vec=5V+10%, GND=0V)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | It | | Vin=GND to Vec — - 2 KA
Outout Leak G R | Lo | CEi=Vis or CE:=Vix _ 2 A
Htput Leakage Lurren “*" | Vi,o=GND to Vee 2
ting P Suppl =
Opera g Tower PPy ]cc CEI‘CE:‘V!L, Il/o=0mA - 35 70 mA
Current : DC
Mi le, duty=1009
Average Operating Current Iccr C_;_::’{:': S_Eyz=Vu/o - 35 70 mA
Standby P Suppl CE12Vcc—0.2V
andby Power Supply Tecws® 12 Vee _ 2 50 A
Current (1) : DC VinzVec—0.2V or Vins0.2V
Standby Power Supply —
Iccrz* | CE22Vec—0.2V — 2 50 A
Current (2) . DC cote t=ree s
Output low Voltage Vo IoL=2.1mA — — 0.4 v
Output High Voltage Vou Ion=—1.0mA 2.4 — — \4
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) *  Vin=—0.3V
ECAPACITANCE (Te=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Cin Vin=0V 3 5 pF
Input/Output Capacitance Cio Viio=0V 5 7 pF
Note °1) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0C to +70°C, Vcc=5V+10% unless otherwise noted)
® AC TEST CONDITIONS
InputPulse Levels . ..................... 0.8V to 2.4V
Input Rise and Fall Times «-«......co.o... 10ns
Input and Output Timing Reference Levels . .. 1.5V
Output Load -+« vt veviiei i 1 TTL Gate and Cr = 100pF (Including Scope & Jig)
®READ CYCLE
HM LP-3 HM6117LP-4
Item Symbol - 6117 - Unit
min max min max
Read Cycle Time trc 150 — 200 — ns
Address Access Time taa — 150 — 200 ns
Chip Enable (CE,) to Output tcor — 150 — 200 ns
Chip Enable (CE:) to Output tco — 150 — 200 ns
Chip Enable (CE:) to Output in Low Z tiz 10 — 10 — ns
Chip Enable (CE:) to Output in Low Z trze 10 - 10 - ns
Chip Disable (CE:) to Output in High Z thz 0 70 0 80 ns
Chip Disable (CE:;) to Output in High Z tuzz 0 70 0 80 ns
Output Hold from Address Change to'n 15 -_ 15 - ns
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o TIMING WAVEFORM OF READ CYCLE

(Notes 1, 2)

tre

HM6117LP-3, HM6117LP-4

Address ><

- My (7
- ™ WY,
post _"—®< Data Valid %525_

NOTES: 1. WE is High for Read Cycle.
2. When CE, and CE, are low, the address input must not be in the
high impedance state,

®WRITE CYCLE

HM6117LP-3 HM6117LP-4 X
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 - 200 — ns
Chip Enable (CE:) to End of Write tewr 100 — 120 — ns
Chip Enable (CE:) to End of Write tcwe 110 - 130 - ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write taw 130 — 150 — ns
Write Pulse Width twe 100 — 120 — ns
Write Recovery Time twr 15 — 15 — ns
Write to Output in High Z twiz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time ton 20 — 20 — ns
Output Active from End of Write tow 10 — 10 — ns
® TIMING WAVEFORM OF WRITE CYCLE
twe
Address \/ v
N\
N Tewl —t ¥R (3)
CE: \ \\ \\\( (5) /l
tewz
CE: §§§§§ “‘L /
[
WE = twe(1) f
tas(2) }f\\\ \\ / ton
twnz(4)
tow (6) | (7)
SUTTVRTTTRNERNENNNNN NN
Dout 2 7277 \VAVAVANS
tow -l tof
(8)
Din Data In Valid %@eeé

NOTES: 1 A write occurs during the
overlap (fyp) of low (—Zf,,
CE, and WE,

. t4s is measured from the
address changes to the bigin-
ning of the write,

. twr is measured from the
earlier of CE,, CE, or WE
going high to the end/of
write cycle.

4. During this period, I/O pins 6. Dout is the same phase of
are in the output state so write data of this write
that the input signals of cycle.
opposite phase to the out- 7. Dout is the read data of next
puts must not be applied. address. -

5. If the CE, or CE, low transi- 8. If CE, and CE, are low
tion occurs simultaneously during this period, 1/O pins

with the WE low transitions or

after the WE transitions, out-
put remain in a high im-
pedance state.

O HITACHI

are in the output state. Then
the data input signals of op-
posite phase to the outputs
must not be applied to them.
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BLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0Cto +70°C)

Item Symbol Test Conditions min typ max Unit
X CE12Vcec—0.2V,
Vce for Data Retention Vori Vinz Vee—0.2V or Vins0.2V 2.0 \'
Vcc for Data Retention Vbre CE:2Vec—0.2V 2.0 - - v
Data Retenti c ¢ I Vcc‘3.0V, CE]ZZ.BV, 30¢ A
n Curren - -
ot Tetention Trre SR Vin22.8V or Vins0.2V #
Data Retention Current Iccore Vee=3.0V, CE:=Vec—0.2V - — 30+ KA
Chip Deselect to Data Retention Time tcor 0 - — ns
See Retention Waveform
Operation Recovery Time tr trc** - - ns
#* 10uA max at Ta=0C to +40°C, Vi. min=—0.3V
*%* trc=Read Cycle Time
®LOW V. DATA RETENTION WAVEFORM
Data Retention Mode
Vee
toon NV Vor2 2.0V 4V 4
o3 Voov CE1 or CEs2 Vor 0.2V m
NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Dy
buffer, If CE, controls data retention mode, Vyy level (address,
(WE, CE,, Dyjo) can be in the high impedance state, If CE,
controls data retention mode, Vyn level (address, WE, DE,,
Dy;0) must be Viy 2 Voc—0.2V or Viy € 0.2V.
SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 16
Ta=25C Vec=5.0V
z M 3 14
:
5 12 // LY
.:; 10 -i“ 10
= = o~
S 03> 5 o8
A 06 A 06
04 04
45 475 50 5.25 5.5 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temparature Ta ('C)
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Access Time taa,tacs(Normalized)

Access Time taa,tacs(Normalized)

Low Input Voltage Vii(Normalized)

ACCESS TIME vs.
SUPPLY VOLTAGE

13
Ta=25C
12 —
11 g
\ H
10 3
2
09 Z
08 <
0.7
45 4.75 5.0 525 55
Supply Voltage Vcc (V)
ACCESS TIME vs.
LOAD CAPACITANCE
18
16 // .
7 3
14 1
12 L 8
Ta=25C E
Vec=MIN &
10 cz
3
08
0.6
100 200 300 400 500
Load Capacitance C. (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
1.2
3
11 -g-
2
" — g
S
0.9 H
0.8 £
0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)

GO HITACHI

HM6117LP-3, HM6117LP-4

ACCESS TIME vs.
AMBIENT TEMPERATURE

13
Vee=5.0V
12
11 /
) / //
09
08
0.7
0 20 40 60 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT vs.
FREQUENCY
13 T T T
200ns | 150ns |120ns
12
1l
10 —
—_‘______/
09
08
0.7
0 4 6 10
Frequency f (MHz)
INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE
13
Ta=25C
12
11
/
1.0
/
0.9
08
0.7
45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)
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OUTPUT HIGH CURRENT

vs. OUTPUT HIGH VOLTAGE

1.6
Ta=25C
Vee=5V
14
3 \
FERE) \
2 \
3
o0 \
S o8
3
0.6
0.4
4
Output Voltage Vou (V)
STAND-BY CURRENT vs.
AMBIENT TEMPERATURE
10°¢
Vee=3V
CE:=28V

1078

s -

rd

L~

Standby Current Iss (A)

//

1077
0 20 40 60 80
Ambient Temperature Ta (°C)
STAND-BY CURRENT vs.
INPUT VOLTAGE
10
Ta=25"C
Vee=57
CE1=4.8V

Standby Currect Iccrz (Normalized)

Tl
\

AN

Input Voltage Vin (V)
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Output Current JoL(Normalized)

Standby Current Ispi(Normalized)

Standby Current Iccr2 (Normalized)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE
16

/

/

Ta=25C
Vee=5V
0.8 /
0.6 /
o4 0.2 04 0.6 0.8
Output Voltage Vor (V)
STAND-BY CURRENT vs.
SUPPLY VOLTAGE
14
1.2 /
1.0
0.8 /
08 /
Ta=25.C
CEz=Vcc—0.2V
04 /’
0.2
2 3 4 5 6
Supply Voltage Vcc (V)
STAND-BY CURRENT vs.
INPUT VOLTAGE
10
Ta=25C
Vee=5V
CE:=4.8V
8
6
4
2
00 1 2 3 4

Input Voltage Via (V)



HM6117LFP-3,HM6117LFP-4

2048-word X 8-bit High Speed Static CMOS RAM

BFEATURES

High Density Small-sized Packaged

Projection Area Reduced to One-Thirds of Conventional DIP
Thickness Reduced to a Half of Conventional DIP

Single 5V Supply

High Speed: Fast Access Time 150ns/200ns max.
Low Power Standby and Low Power Operation;

Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up
Operation: 180mW (typ.)

Completely Static RAM: No clock nor Timing Strobe Required
Directly TTL Compatible: All Input and Output

Pin Out Compatible with Standard 16K EPROM/MASK ROM
Equal Access and Cycle Time

Capability of Battery Back up Operation

HFUNCTIONAL BLOCK DIAGRAM

MRS S

A i —0 Vcc
! H———

As i S Row Memory Matrix ——0 GND
p : Decoder 128X 128

A' b4

 — ] |

Column /O

H Input

! Column Decoder

| Data

|I Control

| —~—

: !
|
|
]

1/0s 0—

o

CE1 00—

Preliminary

(FP-24)

HPIN ARRANGEMENT
——

a[1] 24] vec
a[z] 23] As
a[3] [22] As
a4 [21] WE
5] 20 TEx
N [19] Ao
a7 18] CE:
o [3] [17] 1708
1o 5] [16] 170,
1/0s 10} [15] 1704
vos 1] [14] 1/0s
aNp[1z] [13] 1/04

(Top View)

WE
HMABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND Vr *—0.5 to +7.0 A%
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature Tate —55 to +125 ‘C
Temperature Under Bias Thiaa —10 to +85 ‘C
Power Dissipation Pr 1.0 w
* Pulse width 50ns: —1.0V
BTRUTH TABLE
CE CE. WE Mode Vee Current 1/0 Pin
H X X Not Selected Iccn High Z
X H X Not Selected Iccre High Z
L L H Read Icc Dout
L L L Write Icc Din

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.

G HITACHI
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HM6117LFP-3, HM6117LFP-4

BRECOMMENDED DC OPERATING CONDITIONS (Ta=0C to+70T)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 A%
Supply Volt
PPy Toltage GND 0 0 v
Input High (logic 1) Voltage Via 2.2 3.5 6.0 \'
Input low (logic 0) Voltage Vio —1.0* - 0.8 A

#* Pulse Width: 50ns, DC: Viiaia=—0.3V.

HDC AND OPERATING CHARACTERISTICS (Ta=0C to +70°C, Vcc=5V+10%, GND=0V)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | It} | Vin=GND to Vec — — 2 KA
CEi=Viy or CE: =V
- — 2 A
Output Leakage Current | Io | V1,o=GND to Vec K.
ting P Suppl — ==
Operating Power Supply Iec CEi=CE:=Vie. I1.o—0mA - 35 70 mA
Current . DC
Min cycle, duty=100%
ting C t I o — — 7 mA
Average Operating Curren cc1 CE.=Vis, CEa=Vi 35 0
dby P CEi2Vec—0.2V
Standby Power Supply Tecur® 12 Vee—0.2 _ 9 50 A
Current (1) . DC VinzVec—0.2V or Vins0.2V
Standby Power Supply —
Ieci2®* | CE:2Vcc—0.2V — 2 50 A
Current (2) . DC eet r=tee #
Output low Voltage Vou Tor=2.1mA — — 0.4 v
Output High Voltage Vou Ton=—1.0mA 2.4 — — A
Notes : 1) Typical limits are at Vcc=5.0V, Ta=+25C
2) *: Vian=—0.3V
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol Test Conditions typ max Unit
Input Capacitance Civ Vin=0V 3 5 pF
Input/Output Capacitance Cio Vio=0V 5 7 pF
Note : 1) This parameter is sampled and not 100% tested.
BAC CHARACTERISTICS (Ta=0C to +70°C, Vcc=5V=+10% unless otherwise noted)
® AC TEST CONDITIONS
InputPulse Levels . ................. ... 0.8V to 2.4V
Input Rise and Fall Times -« «......o.vuunn 10ns
Input and Output Timing Reference Levels . . . 1.5V
Outputload -« «.vovvveniniinnenannn, 1 TTL Gate and ¢, = 100pF (Including Scope & Jig)
O®READ CYCLE
HM6117LFP-3 HM6117LFP-4 )
Item Symbol - - Unit
min max min max
Read Cycle Time tre 150 — 200 — ns
Address Access Time taa — 150 — 200 ns
Chip Enable (CE:) to Output tcor — 150 — 200 ns
Chip Enable (CE:) to Output tcoz — 150 - 200 ns
Chip Enable (CE:) to Output in Low Z tuz 10 — 10 - ns
Chip Enable (CE:) to Output in Low Z tize 10 — 10 — ns
Chip Disable (CE:) to Output in High Z thzi 0 70 0 80 ns
Chip Disable (CE:) to Output in High Z thzz 0 70 0 80 ns
Output Hold from Address Change ton 15 — 15 — ns
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® TIMING WAVEFORM OF READ CYCLE

(Notes 1, 2)

tRC

HM

6117LFP-3, HM6117LFP-4

Address
>< taa ton
NN - A7
tLz1 tuz1
CE: \\ tcoz / / /
trLzz tHz2
Dout 5&55;_

—XX

Data Valid

NOTES: 1. WE is High for Read Cycle.
2. When CE, and CE, are low, the address input must be in the high
impedance state,

O WRITE CYCLE

HM6117LFP-3 HM6117LFP-4 .
Item Symbol - - Unit
min max min max
Write Cycle Time twe 150 — 200 — ns
Chip Enable (CE:) to End of Write tew 100 — 120 — ns
Chip Enable (CE:) to End of Write tewe 110 — 130 - ns
Address Set Up Time tas 20 — 20 — ns
Address Valid to End of Write taw 130 - 150 — ns
Write Pulse Width twp 100 — 120 — ns
Write Recovery Time twr 15 — 15 — ns
Write to Output in High Z twnz 0 60 0 70 ns
Data to Write Time Overlap tow 50 — 60 — ns
Data Hold from Write Time ton 20 — 20 — ns
Output Active from End of Write tow 10 - 10 — ns
® TIMING WAVEFORM OF WRITE CYCLE
twe
Address \[
N Tewi __‘r/\(az
NN NN /
tewe
. A} f ? ? ARAY ft /_——_
CE: /
[T
WE twe(1)
tas(2) }\\ \\\ J{ ton
twnz(4)
tow (6) | (1)
Dot SISOV VRRVRNVINNNNANN
2277 277 VAV vl
- tow ton
\(8)
Din Data In Valid ee%eé
NOTES: 1 A write occurs during the 4, During this period, 1/O pins p pedance Stzt& b .
overlap (¢ of low CE,, are in the output state so - Dout is the same phase o
CE, aﬁd —‘H{VEP) ! that the input signals of write data of this write
2.t is measured from the opposite phase to the out- cycle.
aﬁﬁms changes to the bigin- puts must not be applied. 7. Dout is the read data of next
. A F . ddress.
ning of the write, 5. If the CE, or CE, low transi- e 124 —
3. tyr is measured from the tion occurs simultaneously 8. If CE, and CE, are low

earlier of CE,, CE, or WE
going high to the end/of
write cycle.

with the WE low transitions or
after the WE transitions, out-
put remain in a high im-

@ HITACHI

during this period, I/O pins
are in the output state. Then
the data input signals of op-
posite phase to the outputs
must not be applied to them.
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HM6117LFP-3, HM6117LFP-4

BELOW V.c DATA RETENTION CHARACTERISTICS (Ta=0Cto +70°C)

Item

Symbol Test Condition min typ max Unit
ﬁl g VCC_o. 2v;
Vce for Data Retenti Vi 2.0 - - v
cc for Tata Tetention | Vin2 Vee—0.2V or Vins0.2V
Vec for Data Retention Vorz CE:2Vcc—0.2V 2.0 - - \'
Vec=3.0V, CE, 22.8V,
Data Retention Current Iccor, V,C:QZ.SV or VXINSO.ZV - - 30+ MA
Data Retention Current Iccorz Vec=3.0V, CE:2Vcc—0.2V - - 30+ A
Chip Deselect to Data Retention Time tcor 0 - - ns
See Retention Waveform
Operation Recovery Time tr trc** - - ns

* 10uA max at Ta=0C to +40°C, V. min=-0.3V

*% tzc=Read Cycle Time

®LOW V.c DATA RETENTION WAVEFORM

Data Retention Mode

VorZ2.0V e

73

o3 7 : 29{”" CE or CE22 Vor—0.2V nv\m
CEx Vi

Vi

NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Dy

buffer. If CE, controls data retention mode, Vi level (address,
WE, CE,, D[/o) can be in the high impedance state. If CE, con-

trols data retention mode, Vyy level (address, WE, CE,, Dy0)
must be Viy 2 Voc—0.2V or Vi S 0.2V.

SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 16
Ta=25C Vee=5.0V
:g 14 ° 14
é 12 // EQ 12
E 10 £ 10 —~—
S 08> 5 08
(% 06 A 06
04 04
45 4.75 50 525 55 o 20 40 60 80
Supply Voltage Vee (V) Ambient Temparature Ta (C)
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Access Time taa,tacs(Normalized)

Access Time taa,tacs(Normalized)

Low Input Voltage Vio(Normalized)

ACCESS TIME vs.
SUPPLY VOLTAGE

13
Ta=25C

12
11 \\
1.0
0.9
08
0.7

45 475 50 5.25 5.5

Supply Voltage Vec (V)

ACCESS TIME vs.

LOAD CAPACITANCE
18
16 <

14 /

/

/ i
12 P~
Ta=25C
Vec=MIN
10
08
0.6
100 200 300 400 500
Load Capacitance Cr (pF)
INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE
1.3
Ta=25C
1.2
11
o //
|
0.9
0.8
0.7
4.5 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

® HITACHI

Access Time taa,tacs(Normalized)

Supply Current Iccz (Normalized)

High Input Voltage Vin(Normalized)

ACCESS TIME vs.
AMBIENT TEMPERATURE

Vee=5.0V

L~

=

09

08

07

HM6117LFP-3, HM6117LFP-4

0 20 40 60 80

Ambient Temperature Ta (C)

SUPPLY CURRENT vs.
FREQUENCY

20‘6n: L';Ons lZ’Onx

09

08

0.7

0 4 8 10
Frequency f (MHz)

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

13
Ta=25C
1.2
11
1.0

0.7
45 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)
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146

Standby Current Isp: (A)

OUTPUT HIGH CURRENT
vs. OUTPUT HIGH VOLTAGE

16
Ta=25C
Vee=5V
14
i \
2 \
2 \
3 o
8
0.6
0.4
3 4 ]
Output Voltage Vou (V)
STAND-BY CURRENT vs.
AMBIENT TEMPERATURE
107¢
Vec=3V
CE:=28V

10°*

v

~

L~

L~

v

1077

20 40 60 80
Ambient Temperature Ta ('C)
STAND-BY CURRENT vs.
INPUT VOLTAGE
10
Ta=25C
= Vee=5V
E CEi=4.8V
_E 8
:
g6
£
C
2
s
&
2
0 e
2 3 4 5

Input Voltage Viy (V)

@ HITACHI

Output Current Ior(Normalized)

Standby Current Issi(Normalized)

Standby Current Iccr2 (Normalized)

OUTPUT LOW CURRENT
vs. OUTPUT LOW VOLTAGE

16
//
1.2
1.0
Ta=25"C
Vec=5V
0.8 /
0.6 /
04
[} 0.2 04 0.6 0.8

Output Voltage Vor (V)

STAND-BY CURRENT vs.
SUPPLY VOLTAGE

14
/
1.0
0.8 /
0.6 /
Ta=25C
CEx=Vcc-0.2V
04 //
0.2
2 3 4 5 6
Supply Voltage Vec (V)
STAND-BY CURRENT vs.
INPUT VOLTAGE
Ta=25C
Vee=5V
CE:=4.8V
8
6
4
2
00 2 3 4 5

Input Voltage Via (V)



HM6167,HM6167-6,HM6167-8,
HM6167P,HM6167P-6,HM6167P-8

16384-word X1-bit High Speed Static CMOS RAM

BFEATURES

@ Single +5V Supply and High Density 20 Pin Package
® Fast Access Time — 70ns/85ns/100ns

® Low Power Stand-by and Low Power Operation

Stand-by 25mW Typ. and Operating 150mW Typ.
..... No Clock nor Refresh Required

Compietely Static Memory
Fully TTL Compatible — All Inputs and Output

°
e
@ Separate Data Inputand Output . . ....... Three State Output
°

Pin-Out Compatible with Intel 2167 Series

EBLOCK DIAGRAM

Select 128X 128

—H
—
—
Az—-{}: Row Memory Array
—H
—
3——%

Column I/0

e TR T

BABSOLUTE MAXIMUM RATINGS

&—— Ve
&——GND

HM6167, HM6167-6,
HM6167-8

(DG-20)

HM6167P, HM6167P-6,
HM6167P-8

(DP-20)

Item Symbol Rating Unit
Terminal Voltage with Respect to GND Vr —0.5 to +7.0 \Y
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 ‘C
Storage Temperature(Plastic) Toe —55 to +125 ‘C
Storage Temperature(Ceramic) Ts —65 to +150 ‘C

HERECOMMENDED DC OPERATING CONDITIONS
(0°C=Tae=70C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'

Supply Voltage
GND 0 0 0 \'
Input High Voltage Vin 2.2 - 6.0 v
Input Low Voltage Vio —0.5 - 0.8 v

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.

G HITACHI

HPIN ARRANGEMENT
AOE: ~ 20 | Vec
a3 18] an
a1 17] An
5] [16] A
as[6] 5]
a[7] EA;

Dout [ | B
WE[ 5| EDin
onp[10 @c_s

(Top View)
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HM6167,HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

HMDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70T)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current 11} Vec=5.5V, Vin=0V~Vcc — - 2 HA
Output Leakage Current |10 CS=Vin, Vour=0V~Vec - — 2 HA
Operating Power Supply Current Icc CS=Vi, Output Open — 30 60 mA
Iss CS=Viu - 5 20 mA
Standby Power Supply Current CS=Vec—0.2V
Iss — 0.02 2 mA
Vin=0.2V or =Vec—0.2V
Output Low Voltage Vo IoL=8mA —_ — 0.4 v
Output High Voltage Vou Ion=—4mA 2.4 — - v
Note) Typical limits are at Vcc=5.0V, Ta=25C and specified loading.
AC TEST CONDITIONS
Output Load A Output Load B
Input pulse levels: GND to 3.0V 45V (for tnz, trz, twz & tow)
Input rise and fall times: 5 ns 15V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4800 4800
Output load: See Figure Dout O——¢
2550 3 30pF* Dout O——t
25508 SeF*
‘.__%
* Including scope and jig.
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Civ 5 pF Vin=0V
Qutput Capacitance Cour 6 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
BMAC CHARACTERISTICS (Vcc=5V+10%, Ta=0C to 70°C, unless otherwise noted.)
OREAD CYCLE
HM6167, HM6167P HM6167-6, HM6167P-6 | HM6167-8, HM6167P-8
Item Symbol - - - Unit
min max min max min max
Read Cycle Time trc 70 - 85 — 100 — ns
Address Access Time taa — 70 — 85 — 100 ns
Chip Select Access Time tacs — 70 — 85 — 100 ns
Output Hold from Address Change ton 5 - 5 — 5 — ns
Chip Selection to Output in Low Z tLz 5 — 5 — 5 - ns
Chip Deselection to Output in High Z thz 0 30 0 40 0 40 ns
Chip Selection to Power Up Time try 0 — 0 b 0 — ns
Chip Deselection to Power Down Time tep — 35 — 40 — 45 ns
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8

®WRITE CYCLE

Item Symbol HM6167, HM6167P HM6167-6, HM6167P-6 | HM6167-8, HM6167P-8 Unit
min max min max min max

Write Cycle Time twe 70 — 85 — 100 — ns
Chip Selection to End of Write tew 55 — 65 — 80 — ns
Address Valid to End of Write taw 55 - 65 - 80 - ns
Address Setup Time tas 0 - 0 — 0 — ns
Write Pulse Width twep 40 - 45 - 55 — ns
Write Recovery Time twr 0 — 0 — 0 — ns
Data Valid to End of Write tow 30 - 35 — 40 — ns
Data Hold Time ton 0 — 0 — 0 — ns
Write Enable to Output in High Z twz 0 30 0 40 0 40 ns
Output Active from End of Write tow 0 — 0 - 0 — ns

® TIMING WAVEFORM OF READ CYCLE NO.1":?

- X

-
tow
Data Out  Previous Data Valid >< X >< Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2V-¥

tac |

tac
=X _J
tacs thz
Lz
i - High Impedance
High Impedance . gh Imp
Deta Out High “wpe i Data Valid
tru tPp

Vee Supply Tee —~ 77

e { 50% 50%

Current Iss

NOTES: 1. WE is high and CS is low for READ cycle.
2. Addresses valid prior to or coincident with CS transition low.
3. Transition is measured +550mV from steady state voltage with
specified loading in Figure B.

® TIMING WAVEFORM OF WRITE CYCLE

S X
s jl; £

| Tow ton
Data In * Data In Valid

Twz tow

Data Out Dats Undefined

High Impedance

NOTE: 1. Transition is measured +500mV from steady state voltage with
specified loading in Figure B.
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HM6167LP,HM6167L P-6,
HM6167LP-8

16384-word X1-bit High Speed Static CMOS RAM

B FEATURES
o Single +5V Supply and High Density 20 Pin Package
® FastAccessTime.......oovvvnnnnnenns 70ns/85ns/100ns

® Low Power Stand-by and Low Power Operation
Stand-by 5uW (typ) and Operating 150mW (typ.)

® Completely Static Memory. ... .. No Clock or Refresh Required
® Fully TTL Compatible. . ............ All Inputs and Output
® Separate Data Input and Output ., ....... Three State Output
® Capable of Battery Back up Operation

EBLOCK DIAGRAM

(DP-20)
An——l p,
A & Vee
1——‘ 3
A > <——GND HPIN ARRANGEMENT
—
As k Row Memory Array \
> 128X 128 Aof 1 20 | Vee
A Decoder
An—w A\[z EAu
An——m AzE EAIZ
Din Column 1/0 Dout ASE 17 |An
_ Column Decoder A E E A
[
ARHNHE g @
E—-Dj An Aro A As  Ar A As A‘E m"

DoutE Eh
W—EE EDin

HMABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit _
GND{ 10 11{CS
Terminal Voltage with Respect to GND Vr —0.5 to +7.0 A%
Power Dissipation Pr 1.0 w (Top View)
Operating Temperature Tosr 0 to +70 °C
Storage Temperature Toee —55 to +125 °C
HRECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70C)
Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
Supply Voltage
GND 0 0 0 \'
Input High Voltage Vin 2.2 - 6.0 \'
Input Low Voltage Vi —0.5 — 0.8 v
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HM6167LP,HM6167LP-6, HM6167LP-8

EDC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, Ta=0~+70C)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Ies | Vee=5.5V Vin=0V~Vcc — — 2 KA
Output Leakage Current 10| CS=Vii, Vu=0V~Vcc — —_ 2 u#A
Operating Power Supply Current Icc CS=Vi., Output Open — 30 60 mA
Iss | CS=Vu — 5 20 mA

Standby Power Supply Current CS=Vec—0.2V
Isp — 1 50 MA

Vin£0.2V or 2Vec—0.2V

Output Low Voltage Voo Ior=8mA - - 0.4 A
Output High Voltage Vou Ion=—4mA 2.4 -_ - v

Note)

HMAC TEST CONDITIONS
Input pulse levels: GND to 3.0V

Typical limits are at Vec=5.0V, Ta=25°C and specified loading.

Output Load A

Output Load B

Input rise and fall times: 5 ns o (for tuz, tuz, twz & tow)
Input timing reference levels: 1.5V 5V
Output reference levels: 1.5V 48092
Output load: See Figure Dout O——4q 4800
2550 3 30pF* Dout O——q
L—a: zssni? SpF*
* Including scope and jig. —%'
BCAPACITANCE (Ta=25C, f=1.0MHz)
Item Symbol max Unit Conditions
Input Capacitance Civ 5 pF Vin=0V
Output Capacitance Cour 6 pF Vour=0V
Note) This parameter is sampled and not 100% tested.
BWAC CHARACTERISTICS (Ta=0C to +70°C, Vcc=5V+£10%, unless otherwise noted.)
O®READ CYCLE
HM6167LP HM6167LP-6 HM6167LP-8
Item Symbol - - - Unit
min max min max min max
Read Cycle Time tre 70 — 85 — 100 — ns
Address Access Time tas - 70 - 85 - 100 ns
Chip Select Access Time tacs - 70 — 85 — 100 ns
Output Hold from Address Change ton 5 — 5 — 5 — ns
Chip Selection to Output in Low Z trz 5 — 5 - 5 — ns
Chip Deselection to Output in High Z thz 0 30 0 40 0 40 ns
Chip Selection to Power Up Time tey 0 — 0 — 0 — ns
Chip Deselection to Power Down Time teo — 35 — 40 - 45 ns
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HM6167LP,HM6167LP-6, HM6167LP-8

®WRITE CYCLE

Ltem Symbol HM6167LP HM6167LP-6 HM6167LP-8 Unit
min max min max min max
Write Cycle Time twe 70 — 85 — 100 — ns
Chip Selection to End of Write tew 55 - 65 - 80 - ns
Address Valid to End of Write taw 55 - 65 - 80 = ns
Address Setup Time tas 0 — 0 — 0 — ns
Write Pulse Width twp 40 - 45 - 55 - ns
Write Recovery Time twr 0 — 0 — 0 - ns
Data Valid to End of Write tow 30 — 35 - 40 — ns
Data Hold Time toun 0 — 0 - 0 - ns
Write Enable to Output in High Z twz 0 30 0 40 0 40 ns
Output Active from End of Write tow 0 — 0 — 0 — ns
® TIMING WAVEFORM OF READ CYCLE NO.1"-?
tae ]
- }(
tas )
ton
Data Out  Previous Data Valid X Xi Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2"3

Data Out

Vee Supply

Current

= T\

N\

—

tacs

Data Valid

&
5 High Impedance

"z
tep
50%

NOTES: 1. WE is high and CS is low for READ Cycle.
2. Addresses valid prior to or coincident with CS transition low.
3. Transition is measured *500mV from steady state voltage with
specified loading B.

® TIMING WAVEFORM OF WRITE CYCLE

Address

Data In

Data Out

152

A

tcw

Y

£V /.,

tow ton
Data In Valid

twz tow

Data Undefined

High Impedance
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BLOW V.. DATA RETENTION

CHARACTERISTICS (Ta=0C to 70°C)

HM6167LP,HM6167LP-6, HM6167LP-8

Parameter Symbol Test Condition min typ max Unit
Vce for Data Retention Vor 2.0 - — v
CSz Vec~0.2V - - 20*
Data Retention Current Iccor HA
Viaz Vec—0.2V or - - 30+
Chip Deselect to Data Retention Time tcor 0V=sV.=0.2V 0 - — ns
Operation Recovery Time tr trc® — — ns
A tac=Read Cycle Time *  Vee=2.0V
* % Vec=3.0V

BLOW V.. DATA RETENTION WAVEFORM

tcor

Vec—0.2V

Data Retention Mode

AN

Vor sy

tR

Vec—02V

G HITACHI
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HM4716 A-1, HM4 716 A-2,

HM4716A-3,HM4 716 A-4,
HM4 716 AP-1, HM4 716 AP-2,
HM4716 AP-3, HM4 716 AP-4

16384 -word X 1-bit Dynamic Random Access Memory
The HM4716A is a 16,384 word by 1 bit MOS random access
memory circuit fabricated with HITACHI's double poly N-channel
silicon gate process for high performance and high functional
density. The HM4716A uses a single transistor dynamic storage cell
and dynamic control circuitry to achieve high speed and low power
dissipation. Multiplexed address inputs permit the HM4716A to be
packaged in a standard 16 pin DIP on 0.3 inch centers. This package
size provides high system bit densities and is compatible with widely
available automated testing and insertion equipment. The HM4716A
is designed to facilitate upgrading of the 16-pin 4K RAM. However,
the data output latch incorporated in the present 4K design is not
appropriate for 16K RAM’s. This new generation of memory
products (16K RAM'’s) requires a slightly modified output stage to
allow more system flexibility. Instead of the conventional latch, the
HM4716A output is controlled by the Column Address Storobe
(CE). Data out of the HM4716A will remain valid from the access
time from the Column Address Strobe until CE goes into precharge
logic 1). However, in early write cycles (W active low before CE goes
low), the data output will remain in the high impedance (open-
circuit) state throughout the entire cycle. This type of output
operation results in some very significant system implications.

1. Common I/0 Operation

If all write operation are handled in the “early write’” mode, then
data in can be connected directly to data-out on a printed circuit
board.

2. Data Output Control

Data will remain valid at the output during a read cycle from
TCELQV until CE returns to precharge.

This allows data to be valid from one cycle up until a new memory
cycle begins.

3. Two Methods of Chip Selection

Both CE and/or RE can be decoded for chip selection.

4. Refresh

Refreshing can be accomplished every 2 ms by either of the two
following methods:

(1) normal read or write cycles on 128 addresses, AO to A6.

(2) RE only cycles on 128 addresses, AO to A6.

A write cycle will refresh stored data on all bits of the selected row
except the bit which is addressed.

RE only refreshes results in a substantial reduction in operating
power.

5. Page Mode Operation

The HM4716A is designed for page mode operation.
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HM4716A-1, HM4716A-2,
HM4716A-3, HM4716A-4

(DG-16A)

HM4716AP-1, HM4716AP-2,
HM4716AP-3, HM4716AP-4

u‘v\(u*

(DP-16)

B PIN ARRANGEMENT

N\

Vs D E Vss

Din E E] CAS

WE E 14 | Dout

RAS E: Ia] A

55 ap
Az E] B Ad
[ ] o

Voo E E Vee

(Top View)

Old New Definitions
Ao-As A0-A6 | Address Inputs
Cis oE Column Address

Strobe
Din D Data In
Dour Q Data Out
- —_— Row Address
RAS R

Strobe
WRITE | W Read/Write Input
Vss VBB Power (—5V)

cc vCC Power (+5V)
Voo VDD Power (+12V)
Vss VSS Ground




HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

Il FEATURES
® All Inputs Including Clocks TTL Compatible ® Maximum Access Time
® Input Latches for Address and Data in HM4716A-1 .. . oo i et 120ns
® Three-State TTL Compatible Output HM4716A-2 ... ..o ccei i enes 150ns
® Common |/O Capability HM4716A-3 .. ... ..ot 200ns
® Only 128 Refresh Cycles Required Every 2ms HM4716A4 . ... ...... .ot 250ns
® Standard Power Supplies +12V, +6V, =5V ® Read or Write Cycle Time
(All with 10% tolelance) HM4716A-1 .. .. ..ot 320ns
HMA4716A-2 -« o vt ei i ians 320ns
HMA716A-3 - - oo ii e iiiiaeeens 3756ns
HMAT716A4 « oo ie e eeineeanneenn 410ns
I FUNCTIONAL BLOCK DIAGRAM
wW— 7"
RE —e] Clock Write Data in Data Out
Generator No.l ~| Clocks Buffer Buffer

=]

J

CE Clock
>—D—1 Generator No.2

L Column >

Address Latch

2: ‘::ﬂ

Row | Row Decoders
Address Latch

B ABSOLUTE MAXIMUM RATINGS

Memory Array
Sense-Refresh Amps
Memory Array

I Column Decoders

Voltage on any Pin RelativetoVBB .................... -0.5V to +20V
Voltage on VDD, VCC Supplies RelativetoVSS . .......... -0.5V to +15V
Voltage on Q Pin Relative to VSS -« ...cvevveeninnnnnn -0.5V to +10V
Operating Temperature, TA (Ambient) - - -« -c o ceeevnnnn 0°C to +70°C
Storage Temperature (Ambient)™. - -« .o, -65°C to +150°C
Short-Circuit Output Current. - - -« c e e et vveee s 50mA

Power Dissipation: -+« «c e e v vttt 1w

* In case of HM4716AP Series are -55°C to +125°C.

M RECOMMENDED DC OPERATING CONDITIONS (TA=0 to +70°C)

Parameter Symbol min. typ. max. Unit Notes

VDD 10.8 12.0 13.2 \Y

Supply Voltage vcC 4.5 5.0 5.5 \% 1
VSS 0 0 0 v
VBB —4.5 —5.0 —5.5 v

Input High (logic 1) Voltage RE, CE, W VIHC 2.7 - 6.5 \' 1

Input High (logic 1) Voltage All inputs except RE,CE, W VIH 2.4 - 6.5 v 1

Input Low (logic 0) Voltage all inputs VIL —1.0 - 0.8 \Y 1
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4;

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B DC ELECTRICAL CHARACTERISTICS
(Ta=0 to +70°C, Voo=12V£10%, Vec=5V£10%, Ves=—5V£10%, Vss=0V)

Parameter Symbol min max Unit Notes
OPERATING CURRENT Ipp: - 35 mA 2
Average Power Supply Operating Current Icc: - - mA 3
(RE,CE Cycling; TRELREL=375ns) Isn: - 300 #A 2
STANDBY CURRENT Inp2 - 1.5 mA
Power Supply Standby Current Icc: —10 10 ~A 5
(RE =CE = Vixc) Iss: - 100 ~A
REFRESH CURRENT Iops - 27 mA 2
Average Power Supply Current, Refresh Mode Iccs —10 10 HA 5
(RE Cycling, CE = Visc; TRELREL=2375ns) Isss - 300 H#A 2
PAGE MODE CURRENT Ippa - 27 mA
Average Power Supply Current, Page-mode Operation Icca — - mA 3
(RE=Vi., CE Cycling; TCELCEL=225ns) Iss4 - 300 #A
INPUT LEAKAGE
Input Leakage Current, any Input (Vas=—5V, Viv=0 to +7V, IL —-10 10 #A
all other pins not under test=0V)
OUTPUT LEAKAGE It _10 10 uA 5
Output Leakage Current (Q is Disabled, Vour=0 to +5.5V)
OUTPUT LEVELS Vor 2.4 Voo v 4
Output High (Logic 1) Voltage (Iour——5mA)
Output Low (Logic 0) Voltage (lorr=4.2mA) Vou 0 0.4 v

NOTES

1.
2.

3.

Now

158

All voltages referenced to VSS, VBB must be applied
before and removed after other supply voltage.
Current depend on cycle rate: maximum current is
measured at the fastest cycle rate.

ICC depends upon output loading. The VCC supply is
connected to the output buffer only.

Output voltage will swing from VSS to VCC when
activated with no current loading. For purposes of
maintaining data in standby mode, VCC may be
reduced to VSS without affecting refresh operations
or data retention. However, the VOH (min) specifica-
tion is not guaranteed in this mode.

ICC2, ICC3 and IOL consists of leakage current only.
AC measurements assume TT = Sns.

VIHC (min) or VIH (min) and VIL (max) are
reference levels for measuring timing of input signals.
Also, transition times are measured between VIHC or
VIH and VILS.

Assumes that TRELCEL = TRELCEL (max.) If
TRELCEL is greater than the maximum recommended
value shown in this table, TRELQV exceeds the value
shown.

Assumes that TRELCEL = TRELCEL (max).

Measured with a load circuit equivalent to 2TTL loads

and 100pF (in case of HM4716A-2:1 TTL and 50pF).
And VSS + 0.8V, VSS + 2.0V are the reference level
for measuring timing of Q.

11.

12.

13.

14.

15.
16.

TCEHQZ (max) defines the time at which the output
achieves the open circuit condition and is not re-
ferenced to output voltage levels.

Operation with the TRELCEL (max) limit insures that
TRELQC (max) can be met TRELCEL (max) is
specified as a reference point only; if TRELCEL is
greater than the specified TRELCEL (max) limit, then
access time is controlled exclusively by TCELQV.
These parameters are reference to CE leading edge in
early write cycles and to W'leading edge in delayed
write or read-modify-write cycles.

TWLCEL, TCELWL and TRELWL are not restrictive
operating parameters. They are included in the data
sheet as electrical characteristics only: if TWLCEL =
TWLCEL (min), the cycle is an early write and the
data out pin will remain open circuit (high impedance)
throughout the entire cycle; if TCELWL = TCELWL
(min) and TRELWL will contain data read from the
selected cell; if neither of the above sets of conditions
is satisfied the condition of the data out (at access
time) is indeterminate.

Capacitance measured with Boonton Meter or effec-
tive capacitance measuring methods.)

CE = VIHC to disable Q.
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

M ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Ta=0 to +70°C, Vor=12V£10%, Vec=5V+10%, Vss=0V, Ves=—5V+10%)

Symbol HM4716A-1 HM4716A-2 HM4716A-3 HM4716A-4
Parameter Unit |Notes
Oold New min max min max min max min max
Random Read or Write
X tre TRELREL | 320 — 320 - 375 - 410 — | ns
Cycle Time
Read-Write Cycle Time tawc | TRELREL | 320 —| 320 - 375 = 515 — | ns |8
Page Mode Cycle Time tec TCELCEL 160 —| 170 - 225 - 275 - ns
Access Time From RE trac TRELQV - 120 - 150 - 200 - 250 ns | 8,10
Access Time From CE taac | TCELQV - 80 — 100 - 135 - 165 | ns | 9,10
Output Buffer Turn-off 11
viput Bufer Turho torr | TCEHQZ 0 | 0 50| o0 60| o0 70| ns
Delay
Transition Time
t TT 3 35 3 35 3 50 3 50 7
(Rise and Fall) i "
RE Precharge Time 1773 TREHREL 100 - 100 - 120 - 150 — ns
RE Pulse Width tmas | TRELREH | 120 10000 150 10000 200 | 10000 250 | 10000 | ns
RE Hold Time trsn | TCELREH | 80 = | 100 -] 135 — | 165 — | ns
CE Pulse Width taas | TCELCEH 80 | 10000 | 100 | 10000 | 135 | 10000 | 165 | 10000 | ns
CE Hold Time tcss | TRELCEH | 120 - 150 - 200 - 250 — | ns
RE to CE Delay Time treo | TRELCEL 15 40 25 50 30 65 40 85 | ns 12
CE to RE Precharge Time tcee | TCEHREL 0 — | —20 - —20 -1 —20 - ns
Row Address Set-up Time task | TAVREL 0 - 0 - 0 - 0 = | ns
Row Address Hold Time tran | TRELAX 15 - 20 - 25 - 35 — | ns
Column Address Set-up Time tasc | TAVCEL —5 - -5 - —5 - —5 = | ns
Column Address Hold Time tcan | TCELAX 40 - 45 - 55 - 75 — | ns
Column Address Hold Time
— tar TRELAX 80 - 95 - 120 - 160 = | ns
Reference to RE
Read Command Set-up Time tres | TWHCEL 0 - 0 - 0 - 0 — | ns
Read Command Hold Time trew | TCEHWL 0 - 20 — 20 - 20 — | ns
Write Command Hold Time twen | TCELWH 40 - 45 - 55 - 75 — | ns
Write Command Hold Time
— twer | TRELWH 80 - 95 - 120 - 160 — | ns
Reference RE
Write Command Pulse Width twp TWLWH 40 - 45 - 55 - 75 = | ns
Write Command to RE
X trwe | TWLREH 50 - 60 - 80 - 100 — | ns
Lead Time
Write Command to CE
i tewe | TWLCEH 50 - 60 - 80 - 100 = | ns
Lead Time
Data-in Set-up Time tos TDVCEL 0 - 0 - 0 - 0 — ns 13
Data-in Hold Time ton TCELDX 40 - 45 - 55 - 75 — | ns 13
Datavin Hold Time TRELDX | 80 -| - | 120 - 160 -
Referenced RE tone e
CE Prech, Ti f
recharge Time (for | | rcEncEL | 60 - 60 —-| s - | 100 —| ns
Page-mode Cycle Only)
Refresh Period trer | TRVRV - 2 - 2 - 2 - 2 | ms
W Command Set-up Time twes | TWLCEL 0 = | —20 - —20 - —20 — | ns 14
CE to RE Delay tewo | TCELWL 60 —| 10 - 95 - 125 — | ns 14
RE to W Delay tawp | TRELWL 100 —| 120 - 160 - 200 = | ns 14
RE Precharge to
— 0 - 0 - 0 - 0 -
CF Hold Time trre  |TREHCEL ns

HAC ELECTRICAL CHARACTERISTICS

Parameter Symbol typ max Unit Notes
Input Capacitance (Ao-As, D) Cn - 5 pF 15
Input Capacitance RE, CE, W Cr2 - 10 pF 15
Output Capacitance (Q) Cae - 7 pF 15, 16

@ HITACHI 159



HMA4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

M TIMING WAVEFORMS
®READ CYCLE

TRELREL
TREL
VIHC TRELAX
RE
viL f N
TREL( L
[—TRELCEL TCELI [ TCEHRELA
viHe ¢ TCELCEH
& viL
[TRELAX TAVCEL
ADDRESSES — X
viL

Ve f

LA W L rcear— J i
} TRELQY TCEHQZ

VOH 1 D

LR ATA
®WRITE CYCLE (EARLY WRITE)
-TRELREL
VIHC TRELA e

.

VIL

'{_ﬁgtggﬂ TREHREL?

p——TRELCEL TCELCEH TCEHREL.
VIHC t r
CE

VIL

TAVREL|TRELAX _, TCELAX
\VCEL |

' . TRELW; = TWLREH —————— .
/1

® READ - WRITE/READ -MODIFY-WRITE CYCLE

T%ERLREL:
VIHC TRELAX N ELREI —_—
RE VIL 1 \._
ISELEE TREHREL -
_ VIHC [—TRELCEL TCELCEH. j-TCEHREL ~4
CE VIL

KL,

\DDRESSES Vi
Al
VIL

IS TRELWL ~TWLCEH

v [ TwicEL— TCELWL [—TWLREH

W L K f
- TWLWH

——TCELQV— — |-TCEHQZ
VOH VALID
Q voL -OPEN— DATA
v.

TRELQ e Jreeuoy

S N,

®“RE ONLY” REFRESH CYCLE

N

TRELREL
TRELREH
VIHC ————————
e | TRELAX _ TREHREL
TAVREL|

wwasss 7777777 T77TX_i88ness KO T

— —TCEHREL — TREHCEL

T X7

Q VOH OPEN

voL
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

O®PAGE MODE READ CYCLE

i TRELREH
RE Vmcﬁ\p—TRELAx—-l
viL N fi—
MT%EtSEE- TCELREH TREHREL
FTRELCELA—{TCELCEH~{ TCEHCEL I-TCELCEH- ——TCEHREL
_ VIHC — it
CE N
VIL TRELAX| s TAX
L TCELAX
TAVREL~H LTAVCEL  TAVCEL -
VIHC RO Zory
ADDRESSES @( 15
VIL
TRELQV {TCEHQZ
VOH -
Q OPEN { |
voL
TWHCEL
TWHCEL— - TCEHWL ;-—‘]

VIHC

/1 Y4 7 X

O®PAGE MODE WRITE CYCLE

=

TRELREH
— VIHC—— - TRELAX —
RE N .
VIL f
TRELCEH] —TCELREH—~{ ~TREHREL
TCELCEL - L
- TRELCEL +—TCELCEH hrepmear—TCELCEH] l—TCELCEH—{ |—TCEHREL
_ VIHC /7___
CE N ) /
VIL TRELAX
—TCELAX TCELAX l—{TCELAX
TAVREL | bt — I=-TAV TAVCEL—~
VIH — o
ADDRESSES @1 ROW oL o) 7/ 7
VIL rcE TCELWH
——TWLCEH— TWLCEH—
—  VIHC
v . 7/7/7/7/7}7[ s Vi,
4
VIL
TWLWH ||- hTWLWHJ ]
LTP.EL‘.‘.’ THLWE —TWLREH
TDVWL -TWLDX~ TDVWL}— F-TWLDX~ TDVWL f—TWLDX—
VIH VAL ) VALID
D KR i P
VIL

TRELDV——
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4
H TYPICAL CHARACTERISTICS

ACCESS TIME (NORMARIZED) vs. Voo

1.2
Tj=50C
11
- \ 5
8 8
i i
2 1.0 S
> =
& =
09
08
10 1 12 13 14
Supply Voltage VDD (V)
ACCESS TIME (NORMARIZED) vs. T;
1.2
z
1.1 3
w 5
o
E o e
2 2
= 2
g w
®
g ¥
= S
0.9 <
0.8
-10 20 50 80 110
Junction Temperature T; ('C)
IDDI vs. T;
30 —
p—
Voo=13.2V TRELREL=375ns
3T s i
Z — g
H 2
g TRELREL=500ns H
520 3
o >
= E
& 3
w o
% H
T 2
s TRELREL=800ns Z
10
-10 20 50 80 110

Junction Temperature T; ('C)
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ACCESS TIME (NORMARIZED) vs. Vi

1.2
T;j=50"C
1.1
1.0
0.9
0.8
-3 -4 -5 -6 -7
Supply Voltage VBB (V)
IDDI vs. Voo
30
T;=50C
TRELREL=375ns
25 e I
TRELREL=500ns
20
—_
15 /, TRELREL=800ns
10
10 1 12 13 14

Supply Voltage Voo (V)

IDDI vs. CYCLE RATE

40
Voo =13.2V
Tj=50"C

) /

i / <

10

0

0 1 2 3 4

Cycle Rate (1/TRELREL) (MHz)



Standby Supply Current Ippz (mA)

RE Only Supply Current Ipps (mA)

Page Mode Supply Current Ipps (mA)

HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

IDD2 (STANDBY) vs. Vi

1.2
T;=50C
1.0
L~
0.8
0.6
0.4
10 11 12 13 1

Supply Voltage Vopr (V)

IDD3 ( RE ONLY CYCLE) vs. Voo

25
T;j=50C
TRELREL=375ns
i /[
/ TRELREL=500ns
) / [~
/ TRELREL=800ns
"
10
1
5
10 11 12 13 14

Supply Voltage Voo (V)

IDD4 (PAGE-MODE CYCLE) vs. Voo
25
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TRELREL=225ns
20

TRELREL=375ns

TRELREL=500ns

2 13 14

Supply Voltage Vop (V)
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Standby Supply Current Ippz (mA)

RE Only Supply Current Ipps (mA)

Page Mode Supply Current Ipps (mA)

IDD2 (STANDBY) vs. T;
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Voo=13.2V
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-10 20 50 80 110

Junction Temperature T; (°C)

IDD3 (RE ONLY CYCLE) vs. T,
25

TRELREL=375ns
20
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Junction Temperature T; ('C)

IDD4 (PAGE-MODE CYCLE) vs. T;
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

CLOCK INPUT LEVELS vs. Voo CLOCK INPUT LEVELSVvs. V,,
2.5 2.5
I
T;=50"C Tj=50"C
Ves=-5V VIHC(MIN) Voo =12v VIHC(MIN)
20 e 2.0
—
s £
g 15 § 15
3 I VILC(MAX) H VILC(MAX)
5 £
1.0 1.0
0.5 0.5
10 1 12 13 14 —4.0 —4.5 =5.0 -5.5
Supply Voltage Voo (V) Supply Voltage Vas (V)
CLOCK INPUT LEVELSvs. T; ADDRESS AND DATA INPUT
LEVELS vs. Vo
2.5 j 2.5
Voo =12V T;=50C
Vop =5V Ve =—5V VIH(MIN)
VIHC(MIN) 2.0
* //
= a—1
= z
z -
= 15 _3: 15
2 —-_—
3 3 /
H g ) VIL(MAX)
£ VILC( MAX)
1.0 1.0
0.5 0.5
-10 20 50 80 110 10 11 12 13
Junction Temperature T; ('C) Supply Voltage Vop (V)
ADDRESS AND DATA INPUT ADDRESS AND DATA INPUT
LEVELS vs. Vi, LEVELS vs. T;
2.5 I 2.5
T,=50"C Vop=12V
Voo =12V Ves=-5V
VIL(MAX) VIH(MIN)
2.0 2.0
B s
g 15 E 15
2 VIH(MIN) F
£ £ VIL(MAX)
1.0 1.0
0.5
0‘5.4.0 45 -5.0 -55 ~6.0 -10 20 50 80
Supply Voltage Vas (V) Junction Temperature T; ('C)
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

B CURRENT WAVEFORMS

RE/CE Cycle Long RE/CE Cycle RE only Cycle Page Mode Cycle
RE ™\ —n —n /M
CE /M —+— s \ /
100
80 l ’I
top 60 1 I I\
e AV T PR | A ]
0 N MVSEANIYAL WAL WA S ' N g
. i N i [ L
o A 4 P N
A OTYYY VvV w | !
—40

NOTE : VDD =13.2V, VBB =—4.5V, Ta=25"C

~ | sons
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HMA4716A-1, HM4716A-2, HM4716A-3, HM4716A-4

HMA4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

APPLICATION INFORMATION

o READ CYCLE;

A read cycle begins with addresses stable and a negative
going transistion of RE. The time delay between the stable
address and the start of RE-on is controlled by parameter
TAVREL.

Following the time when RE reaches its low level, the row
address must be held stable long enough to be captured.
This controlling parameter is TRELAX. Following this
interval, the address can be changed from row address to
column address.

When the column address is stable, CE can be turned on.
The leading edge of CE is controlled by parameter
TRELCEL.

The basic limit on the CE leading edge is that CE cannot
start until the column address is stable, and this is
controlled by parameter TAVCEL.

The column address must be held stable long enough to be
captured.

The controlling parameter is TCELAX. Note that
TRELCEL(max) is not an operating limit of the HM4716A
though its specification is listed on the data sheets. If CE
becomes on later than TRELCEL(max), the access time
from RE will be increased by the time which TRELCEL
exceeds TRELCEL(max).

Following the time when CE reaches its low level, the
data-out pin remains in a high impedance state until a valid
data appears. This parameter is TCELQV-access time from
CE. The access time from RE-TRELQV is the time from
RE-on to valid Q. The minimum value of TRELQV is
derived as the sum of TRELCEL(max) and TCELQV. The
selected output data is held valid internally until CE
becomes high, and then Q pin becomes high impedance.
This parameter is TECHQZ.

o WRITE CYCLE;

A write cycle is performed by bringing W low before or
during CE-on.

Two different write cycles can be defined as;

Write cycle — Write data are available at the beginning of
the CE-on so that the write operation starts at the begin-
ning. In this mode, D and W signal times are not in any
critical path for determining cycle time.

Following the time when W reaches its low level. W must be
held stable long enough to be captured. This W-on pulse
duration is called TWLWH.

The time required to capture write data in a latch is called
TWLDX.

This cycle is called an “‘early write’

Read Write cycle — This cycle starts as a read cycle, but as
soon as the device specification is met, a write cycle is
initiated. W and D are delayed until after Q. This cycle is
called a ““delayed write’’. A ““Read-modify-write’’ cycle is a
variation of this operation. In this mode, D and W become
critical path signals for determining cycle time.

166

o CLOCK-OFF TIMING;

RE and CE must stay on for Q stabilized to valid data. In
the case of CE, this is controlled by parameter TCELCEH
(min). In the case of RE, this controlled by parameter
TCELREH(min).

Following the end of RE, CE must stay off long enough to
precharge internal circuits. The only parameter of concern
is TREHREL.

Normally CE is not required to be off for a minimum time
of TCEHREL.

However, in a page mode memory operation, there is a
TCEHCEL (min) specification to control the CE-off time.

o DATA OUTPUT;

Q is three-state TTL compatible with a fan-out of two
standard TTL loads.

When CE is high, Q is in a high impedance state. When CE is
low, valid data appears after TCELQV at a read cycle and Q
is not valid at an early-write cycle.

o REFRESH;

Refresh of the HM4716A is accomplished by performing A
memory cycle at each of the 128 row addresses within each
two millisecond time interval.

Any cycle in which RE signal occurs refreshes the entire
selected row.

RE-only refresh results in substantial reduction in operating
power.

This reduction in power is reflected in the IDD3 specifica-
tion.

e PAGE MODE;

Page mode operation allows faster successive memory
operations at multiple column locations of the same row
address with increased speed.

This is done by strobing the row address into the chip and
maintaining RE at a logic low throughout all successive CE
memory cycles in which the row address is latched. As the
time normally required for strobing a new row address is
eliminated, access and cycle times can be decreased and the
operating power is reduced. These are reflected in the
TCELQV, TCEHCEL, IDD4 specifications.
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HM4816A-3, HM4816A-3E;

HV4816A-4,HM4816A-7,
HM4816AP-3,HM4816AP-3E,
HM4816AP-4,HM4816AP-7

16384-word by 1-bit Dynamic Random Access Memory
The HM4816A is a new generation MOS dynamic RAM circuit
organized as 16,384 words by 1 bit. As a state-of-the art MOS
memory device, the HM4816A (16K RAM) incorporates advanced
circuit techniques designed to provide wide operating margins, both
internally and to the system user, while achieving performance levels
in speed and power.

The use of dynamic circuitry throughout, including sense amplifiers,
assures that power dissipation is minimized without any sacrifice in
speed or operating margin. These factors combine to make the
HM4816A a truly superior RAM product. Multiplexed address
inputs permits the HM4816A to be packaged in standard 16-pin DIP.
Non-critical clock timing requirements allow use of the multiplexing
technique while maintaining high performance.

B FEATURES
® Single 5V supply

Low power standby and operation

(Standby: 11mW max., operation: 150mW max.)
o Fast access time & cycle time

HM4816A-3, HM4816A-3E,
HM4816A-4, HM4816A-7

(DG-16B)

HM4816AP-3, HM4816AP-3E,
HM4816AP-4, HM4816AP-7

HM4816A-3 | HM4816A-3E [ HM4816A-4 | HM4816A-7
HM4816AP-3 [HM4816AP-3E| HM4816AP-4 | HM4816AP-7
Maximum Access 100 105 120 150
Time (ns)
Read, Write Cycle 235 200 270 320 (DP-16)
(ns)
Read-Modify-Write
285 235 320 410
Cycle (ns) H PIN ARRANGEMENT

® Directly TTL compatible: All inputs & outputs

® Output data controlled by CAS and unlatched at end of cycle to
allow two dimensional chip selection and extended page bound-
ary.

Common /O capability using “‘easy write’’ operation.

Read modify write, RAS only refresh and page mode capability
Only 128 refresh cycle required every 2ms

Compatible with Intel 2118-3/-4/-7

H BLOCK DIAGRAM

7 1 OF &4 64 128 CELL
BIT ROW
:‘.: § m}.c}; DECODERS MEMORY ARRAY
w 128 SE
wola T AMPLIFIERS 1ot output | oo
A |2 1 OF 64 COLUMN TING BUFFER
el DECODERS GA
a2 BT 1OF 64
M| < 64X 128 CELL
LATCH ROW
(COLUMN) " |_pecopkrs MEMORY ARRAY
T
_ TLOCK CLOCK
RAS GENERATOR GENERATOR
No.l No.2 BUFFER BUFFER
CAS
WE
Din

i Y e
DinE Eé"s
WE[3] 14 Dout
ﬁK‘sE 13] As
a5 12] A
n 6] 1] A

AIE 10| As
vee 8] 9] NC

(Top View)
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7;

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7
Il ABSOLUTE MAXIMUM RATINGS

Item Symbol HM4816A or AP Unit
Voltage on any pin relative to GND Vr —1.0 ~ +7.0 \i
Power supply voltage relative to GND Vee —0.5 ~ +7.0 \4
Short-circuit Output Current Lu 50 mA
Power Dissipation Pr 1.0 W
Operating Temperature Topr 0~ +70 C
Cerdip —65 ~ +150 c
Storage Temperature Plastic Toe 85 ~ 125 C
Il RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ max Unit Notes
Supply voltage Vee 4.5 5.0 5.5 v 1
Vss 0 0 0 v 1,2
Input high (logic 1) voltage RAS, CAS, WE Vine 2.4 - 7.0 v 1
Input high (logic 1) voltage except RAS, CAS, WE Vin 2.4 - 7.0 \' 1
Input low (logic 0) voltage all inputs Vi —-2.0 - 0.8 \' 1
Notes : 1. All voltage referenced to Vss.
2. Output voltage will swing from Vss to Vcc when activated with no current loading.
Il DC AND OPERATING CHARACTERISTICS @
(Ta=0°C to 70°C, Vec=5V+10%, Vss=0V, unless otherwise noted.)
Parameter Symbol Test Conditions min typ @[ max Unit | Notes
Input Load Current (anyinput)| |l | Vin="Vss to Vcc - 0.1 10 rA
Output Leakage Current for |\ "\ | ) ecelected:CAS at Vin, Vour=0t0 5.5V | — | 0.1 10 | xA
High Impedance State
HM4816AP-3,4,7
P N - 1.2 2 mA
Vce Supply Current. Standby Icch CAS and RAS at Viy HM4816A-3,4,7
HM4816A, AP-3E - 1.2 3 mA
HM4816A, AP-3 trc=trcuin - 23 27 mA 3
. HM4816A, AP-3E trc= tacmin - 27 35 mA 3
Vec Supply Current. Operating Icc: HMAB16A, AP—4 o= faoern — 2 % A 3
HM4816A, AP-7 tac=tremin - 19 23 mA 3
HM4816A, AP-3 tac= trcuin - 16 18 mA 3
’Vc-c“Supply Current; Tecs HM4816A,AP'3E tre=trcMIN - 20 25 mA 3
RAS-Only Cycle HM4816A, AP-4 trc=trcuin - 14 16 mA 3
HM4816A, AP-7 trc= trcuin - 12 14 mA 3
Vec Supply Current. Iecs CAS at Vi, RAS at Vix - 3 6 mA 3
Standby. Output Enabled
Output Low Voltage Vo Ioo=4.2mA - - 0.4 v
Output High Voltage Vou Ion=—5mA 2.4 e - \'
Notes : 1. All voltages referenced to Vss.
2. Typical values are for Ta=25'C and nominal supply voltages.
3. Ic is dependent on output loading when the devices output is selected. Specified Jcc MAX is measured with the output open.
Il CAPACITANCE (Ta=25°C, Vec=5V+10%, Vss=0V, unless otherwise noted.)
Parameter Symbol typ max Unit
“Address. Data In Ci 3 5 pF
RAS, CAS, WE, Data Out Cr2 4 7 pF

Notes : Capacitance measured with Boonton Meter or

ffeoti . Teul:

d from the equation:

C-%Avj' with AV equal to 3 volts and power supplies at nominal levels.
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7,
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

B AC CHARACTERISTICS ®2% (Tg=0°C to 70°C, Vcc=5V+10%, Vss=0V, unless otherwise noted.)
® READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

HM4816A -3 HM4816A-3E HM4816A-4 HM4816A-7

Parameter Symbol HM4816AP-3 | HM4816AP-3E | HM4816AP-4 HM4816AP-7 | Unit | Notes
min max min max min max min max

Access Time From RAS trac - 00| — 105 — 120 - 150 | ns 4,5
Access Time From CAS teac - 5| — 60| — 65| — 80 | ns | 4,56
Time Between Refresh trer - 2 - 2 - 2 - 2 | ms
RAS Precharge Time trp 110 - 70 - 120 - 135 - ns
ﬁ Pr:cg;:lgees ;l'ime teen 50 - 50 - 55 - 70 - ns
CAS to RAS Precharge Time tcrp 0 — 0 - 0 - 0 — ns
RAS to CAS Delay Time treo 25 45| 25 5| 2 5| 25 70 | ns 7
RAS Hold Time thsn 70 —1 %0 -1 & — 1 105 — 1 ns
CAS Hold Time tesn 100 - 105 - 120 - 165 — | ns
Row Address Set-up Time tasr 0 - 0 - 0 — 0 — ns
Row Address Hold Time tran 15 - 15 — 15 — 15 — ns
Column Address Set-up Time tasc 0 — 0 - 0 — 0 - ns
Column Address Hold Time toan 15 - 25 - 20 - 20 — ns
Column Address Hold Time to RAS tar 60 - 70 - 75 - 90 - ns
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 3 50 | ns 8
Output Buffer Turn Off Delay torr 0 45 0 50 0 50 0 60 ns

® READ AND REFRESH CYCLES

Random Read Cycle Time trc 235 - 200 - 270 — 320 — ns
RAS Pulse Width tras 115 10000 105 10000 140 10000 175 10000 ns
CAS Pulse Width tcas 55 10000 60 10000 65 10000 95 10000 ns
Read Command Set-up Time tres 0 - 0 - 0 - 0 - ns
Read Command Hold Time "\ tren 10 - 10 - 10 - 10 — | ns

® WRITE CYCLE

Random Write Cycle Time tre 235 - 200 - 270 — 320 — | ns

RAS Pulse Width tras 115 10000 105 10000 140 10000 175 10000 ns

CAS Pulse Width teas 55 | 10000 60 10000 65 10000 95 10000 | ns

Write Command Set-up Time twcs 0 — 0 - 0 - 0 — ns 9
Write Command Hold Time twen 25 - 30 - 30 - 45 — | ns

Write Command Hold Time to RAS twer 70 - 75 - 85 - 115 - ns

Write Command Pulse Width twp 25 - 30 - 30 - 50 — | ns

Write Command to RAS Lead Time tawe 60 - 45 - 65 — | 110 — | ns

Write Command to CAS Lead Time towe 45 - 45 - 50 - 100 — | ns

Data-in Set-up Time tos 0 - 0 - 0 - 0 — | ns

Data-in Hold Time ton 25 - 30 - 30 - 45 — | ns

Data-in Hold Time to RAS tonr 70 - 75 - 85 =1 115 — | ns

® READ-MODIFY-WRITE CYCLE

Read-Modify-Write Cycle Time trwe 285 - 235 - 320 — 410 — ns

RMW Cycle RAS Pulse Width trrw 165 | 10000 155 10000 190 10000 265 10000 | ns

RMW Cycle CAS Pulse Width terw 105 | 10000 110 10000 120 10000 185 10000 | ns

RAS to WE Delay tawp 100 —1 105 -1 120 — | 150 — 1| ns 9
CAS to WE Delay tewn '55 - 60 - 65 - 80 — ns 9
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HMA4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7
Notes:

1.
2.

All voltages referenced to Vgg

Eight cycles are required after power-up or prolonged
periods (greater than 2ms) of RAS inactivity before
proper device operation is achieved. Any 8 cycles which
perform refresh are adequate for this purposes.

AC Characteristics assume t7=5ns

. Assume that tgep < trep (max.) If tgep is greater

than fpcp (max.) then tg4c Wwill increase by the
amount that 1z op exceeds tgcp (max.)

7.

8
9.

trcp (max.) is specified as a reference point only. If
tRcD is less than tg op (max.) access time is tg 4. If
tRCD is greater than tg cp (max.) access time is g op +
fcac

.t is measured between Vg (min.) and Vj; (max.)

twess towp and tg wp are specified as reference points
only. If tycs 2 tycs (min.) the cycle is an early write
cycle and the data out pin will remain high impedance
throughout the entire cycle. If tcyp > towp (min.)

5. Load =2 TTL Loads and 100pF and tpwp 2 trwp (min.), the cycle is a read-modify-
6. Assumes tpcp > trcp (max.) write cycle and the data out will contain the data read
= from the selected address if neither of the above
conditions is satisfied, the condition on the data out is
indeterminate.
B WAVEFORMS
®READ CYCLE \
RC
tRAS - tRP
_ Vine — ﬁ——!
RAS o \Lw ] N\
tcsH tcen
terp feg— tRCD tRSH
Vine __l Y tcas 4
CAs Vie —/ t\\\\ ) j[ \
AR
LASR po—en] Tran e=qtasc feay
Vin
Row Col
Address;s g A:dress K X A;d:'::s X
I
l-—jlncs -ilncn )
Vine
e P N
WE Vo 2 'f tcac
tRAC LOFF
Vo High &) Valid ®
Dout VoL Impedance @ W Data (‘)ut i?__

O®WRITE CYCLE

tRAS trP
Vine
ETE ] {_*
7 No y
vie - m” A tceN
tcap o — tRCD tRSH
Vine —.I o) \ tcas Z; -
CAs / \\m @ A \_
tashpe—e] taan tascy tean
Vi KO Row Y Column
Address Y Address £ Address
Vit tawr
tewe
V“,: twes tweH
WE , ®\‘ twe /
" twer
< ©tos | ton ®
Vin r -
) D N
D
" Vie Nl @ /(
tonr
Vou High
RQout v, Impedance
Notes: ) -
1.2. Vigr minv and Vg ara x are reference levels for meas- 7.t is referenced to the trailing edge of TAS or
uring timing of input signals. » Whichever occurs first. )
34. Vor mIN and Vo pmax are reference levels for 8. tcrp requirement is only applicable for RAS/CAS

measuring timing of Do yT.

5.
6.

occurs last.

170

toFF is measured to Ioyr <lppol.
tps and tpgy are referenced to CAS or WE, whichever

cycles preceeded by a CAS-only cycle (i.e., for system
where CAS has not been decoded with RAS).
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

®READ-MODIFY-WRITE CYCLE

tRwC

tRaw trP
—_— Vine -
RAS DN
Vi \_
v lc:r—.| e tRCD reaw tepn
CAS )
& o RN @ — T X
LRAH |a—e]
v e [ tasc t tows
(7
Roy C
pidresses - MO Jan, X X R
® | | tawp
! tewp twp
v tacs,
— e
WE @ F 20 \ /
|/ —— k_lﬁ
@lns—l b ®
Vin
@ _ Data in
Din @ Valid
v teac
tRAC —w|  |w—toFF

Vou High Q@

D Valid Data Out §®—————
out Vo Impedance [, !
O®RAS-ONLY REFRESH CYCLE

tRC

LRAS trp

RAS

tRaN
tasR ro—.( "

Addresses Row Address K
Vie
DOII( Vo” H Igh
Vou Impedance

tre

tRAS trp tRAS LRAS trp
Vine
w o) R
7

Vlcur fet— trcD teas tcPN |
He
= L Ne N\
Vi f A i5
CAH L tRAH tRAH
- LASRpe-l ‘-l-‘ tasc task = ¢R- 1 4‘;“!- —
Row lumn ow Row
Addresses @ x Mdon“ ) Address X XAddrenX x Address

Vi
[} L tRCS I I -o-atlncn @

Vine T

WE \
Vi e tcau
i

tRAC

=
w!
(S}

O
»

b [

o
(5]

« | loFF

- b

Vou ®
Dout .____< ® Valid Data ?—
Vor k@ S— —

Notes: . ips FrYs

1.2. Vig pmanv and Vi prax and reference levels for 7.t ls_referenced to the trailing edge of CAS or
measuring timing of input signals. s Whlcl}ever occurs first. ) for RASICRS

34. Vo min and Vor amax are reference levels for 8. tcrp requirement is_only applicable for /
measuring timing of DoyT. cycles preceeded by a CAS-only cycle (i.e., for systems

S. torrismeasured to Ioyr S 0l where CAS has not been decoded with RAS).

6. tpgs and tpgy are referenced to CAS or WE, whichever
occurs last.

® HITACHI 171



HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

HDC AND AC CHARACTERISTICS, PAGE MODE ©-8)
(Ta=0C to 70°C, Vec=5V=+10%, Vss=0V, unless otherwise noted.)

HM4816A-3 HM4816A-3E HM4816A-4 HM4816A-7
HM4816AP-3 | HM4816AP-3E | HM4816AP-4 HM4816AP-7 .
Parameter Symbol Unit
min. max. min. max. min. max. min. max.
Page Mode Read or Write Cycle tec 125 - 130 - 145 d 190 - ns
Page Mode Read Modify Write Cycle trcu 175 d 180 - 200 - 280 - ns
CAS Precharge Time, Page Cycle tep 60 - 60 - 70 - 85 - ns
RAS Pulse Width, Page Mode treu 115 10000 105 10000 140 10000 175 10000 ns
CAS Pulse Width teas 55 10000 60 10000 65 10000 95 10000 ns
Voo Supply C t Page Mode.
o0 Supply furrent Tage To Toos - 23| — 3| - a| - 18| mA
Minimum ¢pc. Minimum #cas
® PAGE MODE READ CYCLE
irpPu
tar
Vmc-—ﬁ
mso, ONe / N
t Tcsh el TasH trp
tcrp — | Irc
trCD l tcas tce tcas tcas tcen 1
—  Vinc =
@
& S 2 7N 7 3\
ERAN
e tcan fo—ed tcan tcan
tasr—e] |- —-”‘—m‘c FASC ot | tascrld
Vin
R
————. 71 4. s Al
) ’ —4-
v Iucs-i ® ucu—h‘ _~| e lucn"jl-.—.’ B tlcu-—t—
WE 7
Vit ey teac tcac tcac f
Lasc ] ror -1 toFF pa———toFF
v @4 © 7 , N
Dout V::: o) < - g
Notes:
1.2. Vig pmin and Vyp pax are reference levels for
measuring timing of input signals.
3.4. Vog minv and Vor max are reference levels for
measuring timing of DoyT-
S. toprismeasured to IoyT < ol
6.t is referenced to the uaﬁing edge of CAS or
, whichever occurs first.
7. All voltages referenced to Vgg.
8. AC Characteristic assume f7=5ns.
9. See the typical characteristics section for values of this
parameter under alternate conditions.
10. tcgrp requirement is only applicable for RAS/CAS
cycles preceeded by a CAS-only cycle (i.e., for systems
where CAS has not been decoded with RAS).
11. All previous specified A.C. and D.C. characteristics are
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applicable to their respective page mode device.
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7
HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

®PAGE MODE WRITE CYCLE

LRPN

tAR
Vine =y
RAS o \ \
ViL Q| e
tCSH LRSH trp
terp fof— trc )
tRCD. teas ter | teas tcas tCPN
o Vine j D \ FS /———l’—_\
Vi (2)\ A N A
LRAH, b tecan tcan LCAH
t
(D.E"‘-_ —f ftasd faseld 5 B
Vin x Row Col Col X Col
Addresses Vi Add 2 M"L{K Add X Add
] []
%) twes| WCH, twcs | BT tweil twcl
- o - f—
tewe tewt tewr
WE Viwe \(D N /—_—_”/——)k /
Vi ) . N - 4
[ Twr Twp . twp
twen LRWL
(ostn] toH 13: ton tos] toH
Din VW O Valid £ Valid Valid
ViL K@ _ Data 2 Data oy Data
toHR

®PAGE MODE READ-MODIFY-WRITE CYCLE

LRPN 134
Viee —Q
RAS Vu @ "
terp I [I2] - tern
-I p— trcp tcrw tep teRw teRwW
— Vi [} F {5y
TAS v, _/T m\\ 2 /
tca 1 tc,
tasn | oftran | fwmitcan towt tase| [ cnL tas A tewe
- j- f=tasc] - .lc -
Addresses Z"' R";’ g g"é 23:1 %-ﬁx
" tRWD Hhtres [Ltrcs
p-
l.llCSL tewp twp -' tewp twp .'1 tewp twp
__ Vike f ¥ r
WE v V4 $ 11/
" tos, | e-eqton tps| hewqton o tos | beeqton
- | b - -
. Vis P - £
Din 8) Data in ) Data in Data in
Vi Valid \Valid Valid
teac teac, - caC
1ASC torr| “’Lﬂ l lo_p:‘

Vou 4 8 Valid ) ¢ Valid } ” 4 Valid
Dout Vo D:l; Out D:t: Out D:|; Out

1.2. Vi aman and Vi max are reference levels for
measuring timing of input signals.
3.4. Vo miv and Vor max are reference levels for
measuring timing of DoyT-
S. toppismeasured to Ioyr$ o).
6. tps and tpyy are referenced to CAS or WE, whichever
occurs last.
7.t is referenced to the trailing edge of CAS or
AS, whichever occurs first. _
8. tcrp requirement is_only applicable for RAS/CAS,
cycles preceeded by a CAS-only cycle (i.e., for systems
where CAS has not been decoded with RAS).
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7

® Typical Characteristics of HM4816A
TYPICAL ACCESS TIME tci vs. Ve TYPICAL OPERATING CURRENT I,
vs. CYCLE RATE

T 30 T
Ta=70"C Vee=55V
Ta=25C
60 \ /I

z 3 //

¢ 50 -

$ g /

. /
40 /
0
4 0 1 4
Vee (V)

Cycle Rate (1/trc) (MHz)

TYPICAL STANDBY CURRENT I TYPICAL OPERATING CURRENT I

vs. Ve vs. Vec

3 30 T

=95% trc=235ns
Ta=25'C Ta=25C »
]
//

2 20— —=—
< ~
E <
~ E
3 - =
= / 8

/ =
1 10
a1
0 " 0

-
«
o

Vee (V) Vee (V)

O TYPICAL SUPPLY CURRENT WAVEFORMS TYPICAL I vs. Vcc DURING POWER UP

RAS/CAS Cycle _ Long RAS/CAS Cycle RAS Only Cycle 3
RS\ S T /
] I e W
— 3v 2
CI W I | . - R /
g L JU N J1 J1 AN\ It X <
A L _JVUUVWAR I J < _1___
—e  p—50ns Note. ;':c:zg_gv 2 l RAS, CAS= Vs y
/R_A'-S.E_E=Vc
] |
0 1 2 4
Vee (V)
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HM4864-2,HM4864-3

HV4864P-2, HM4864P-3

65536-word X 1-bit Dynamic Random Access Memory

The HM4864 is a 65,536-words by 1-bit, MOS random access
memory circuit fabricated with HITACHI’s double-poly N-channel
silicon gate process for high performance and high functional
density. The HM4864 uses a single transistor dynamic storage cell
and dynamic control circuitry to achieve high speed and low power
dissipation.

Multiplexed address inputs permit the HM4864 to be packaged in a
standard 16 pin DIP on 0.3 inch centers.

This package size provides high system bit densities and is
compatible with widely available automated testing and insertion
equipment. System oriented features include single power supply of
+5V with +10% tolerance, direct interfacing capability with high
performance logic families such as Schottky TTL, maximum input
noise immunity to minimize ‘‘false triggering’’ of the inputs, on-chip
address and data registers which eliminate the need for interface
registers, and two chip select methods to allow the user to determine
the appropriate speed/power characteristics of this memory system.
The HMA4864 also incorporates several flexible timing/operating
modes.

In addition to the usual read,write, and read-modify-write cycles, the
HM4864 is capable of delayed write cycles, page-mode operation
and RAS-only refresh.

Proper control of the clock inputs (RAS, CAS, and WE) allows
common 1/O capability, two dimensional chip selection, and
extended page boundaries (when operating in page mode).

B FEATURES

® Recognized industry standard 16-pin configuration

150ns access time, 270ns cycle time (HM4864-2, HM4864P-2)
200ns access time, 335ns cycle time (HM4864-3, HM4864P-3)
Single power supply of +5V+10% with a built-in Vgg generator
Low Power; 330 mW active. 20 mW standby (max)

The inputs TTL compatible, low capacitance, and protected
against static charge

Output data controlled by CAS and unlatched at end of cycle to
allow two dimensional chip selection and extended page bound-
ary

® Common |/0 capability using “‘early write’’ operation
Read-Modify-Write, RAS-only refresh, and Page-mode capability
® 128 refresh cycle

@ HITACHI

HM4864-2, HM4864-3

(DG-16A)

HM4864P -2, HM4864P -3

(DP-16)

HPIN ARRANGEMENT
o 7 [
DinE E’(TS
WE E 14 | Dout
ﬁéE EM
i i
"‘E 1] A
W of
] ol

(Top View)
Ao-Ar Address Inputs
TAS Column Address Strobe
Din Data In
Dout Data Out
RAS Row Address Strobe
WE Read /Write Input
Vee Power (+5V)
Vss Ground
Ao-As Refresh Address Strobe
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

B FUNCTIONAL BLOCK DIAGRAM

e R/W Clock
WE Genento‘i— r'—n
— 1 L] i 1
v RAS Clock Da: .
RAS Genento:r © Din
— i H ABSOLUTE MAXIMUM RATINGS
5% o CAS Clock M ol &] o] M Data i o A .
CAs o| Ay |82H Array |2 Dot V/oltage on any pin relative
3 3
< 81°18 < OVES v oveie i -1.0to +7V
< NEN < -0 Vec 0 ina T T
ol E ow oo Job 4 Fow Dov |4 ) perating Temperature, Ta R
i B < > (Ambient) . .. ........... 0to+70 C
As 0 » € H
H] 3 g u- 5 Storage Temperature -
E 3 Y] Memory 3 Memory | " o
£ @ Array | || [ Avray (Ambient) . ............. -65to+150 C
2 £ hd Short-circuit Output Current . 50 mA
£ 2 Power Dissipation . . ....... 1W
-4
Ar O S

B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)

Parameter Symbol mmn typ max Unit Notes
Vee 4.5 5.0 5.5 A%

Supply Volt 1

upply Tottage Ves 0 0 0 v

Input High Voltage Vin 2.4 - 6.5 v 1
Input Low Voltage ViL —1.0 - 0.8 A% 1
B DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V)

Parameter Symbol min max Unit Notes

OPERATING CURRENT I - 60 mA 2.4
Average Power Supply Operating Current (RAS, CAS Cycling;t rc=min.) cet ’
STANDBY CURRENT I _ 3.5 mA 2
Power Supply Standby Current (RAS = Viy Dout =High Impedance) cet :

REFRESH CURRENT

Average Power Supply Current, Refresh Mode Iccs - 45 mA 2,4
(RAS Cycling, CAS = Viu; t re =min.)

PAGE MODE CURRENT

Average Power Supply Current, Page-mode Operation Icca - 45 mA 2,4
(RAS = Vi, CAS Cycling; tec=min.)

INPUT LEAKAGE

Input Leakage Current, any Input (Vin=0 to +6.5V, all other pins not Iu —10 10 HA

under test=0V)

OUTPUT LEAKAGE

Output Leakage Current (Dout is disabled, Viou=0 to +5.5V) I 10 10 #A 8
OUTPUT LEVELS

Output High (Logic 1) Voltage (I = —5mA) oo 23 v M

Output Low (Logic 0) Voltage (I... =4.2mA) o :

NOTES

1. All voltages referenced to Vgg.
2. I¢c depends on output loading condition when the device is selected. /oo max. is specified at the output open condition.

3. I o consists of leakage current only.
4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate.

B AC ELECTRICAL CHARACTERISTICS

Parameter Symbol typ max Unit Notes
Input Capacitance (Ao-A-, Din) Cin - 7 pF 1
Input Capacitance (RAS,CAS,WE) Cinz - 10 pF 1
Output Capacitance (Dout ) Cout - 7 pF 1,2

NOTES
1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS= Vg to disable DOUT'
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

M ELECTRICAL CHARACTERISTICS AND
(Ta=0 to +70°C, Vec=5V+10%, Vss=0V)

RECOMMENDED AC OPERATING CONDITIONS "2

HM4864-2/P-2 HM4864-3/P-3
Parameter Symbol - - Unit Notes
min max min max
Random Read or Write Cycle Time tre 270 — 335 — ns
Read-Write Cycle Time trwe 270 — 335 — ns
Page Mode Cycle Time trc 170 — 225 — ns
Access Time from RAS Erac - 150 - 200 ns 4,6
Access Time from CAS tcac - 100 - 135 ns 5,6
Output Buffer Turn-off Delay torr 0 40 0 50 ns 7
Transition Time (Rise and Fall) tr 3 35 3 50 ns 3
RAS Precharge Time trp 100 — 120 — ns
RAS Pulse Width tras 150 10000 200 10000 ns
RAS Hold Time task 100 - 135 - ns
CAS Pulse Width teas 100 — 135 - ns
CAS Hold Time tesn 150 - 200 - ns
RAS to CAS Delay Time teco 20 50 25 65 ns 8
CAS to RAS Precharge Time tcrp —20 - —20 - ns
Row Address Set-up Time tasr 0 — 0 - ns
Row Address Hold Time tran 20 - 25 - ns
Column Address Set-up Time tasc —10 - —10 - ns
Column Address Hold Time tean 45 — 55 - ns
Column Address Hold Time referenced to RAS tar 95 — 120 - ns
Read Command Set-up Time tres 0 - 0 - ns
Read Command Hold Time tren 0 - 0 — ns
Write Command Hold Time twen 45 - 55 - ns
Write Command Hold Time referenced to RAS twer 95 - 120 - ns
Write Command Pulse Width twp 45 - 55 - ns
Write Command to RAS Lead Time rwt 45 — 55 — ns
Write Command to CAS Lead Time towe 45 - 55 — ns
Data-in Set-up Time tps 0 — 0 - ns 9
Data-in Hold Time ton 45 - 55 - ns 9
Data-in Hold Time referenced to RAS tour 95 - 120 - ns
CAS Precharge Time (for Page-mode Cycle Only) ter 80 - 80 - ns
Refresh Period trer — 2 - 2 ms
Write Command Set-up Time twes —20 - —20 - ns 10
CAS to WE Delay tewp 60 - 80 — ns 10
RAS to WE Delay trwp 110 - 145 - ns 10
RAS Precharge to CAS Hold Time trec 0 - 0 — ns

NOTES
1. AC measurements assume {7 = 5ns.

tr 4C (max)can be met, fgcp (max) is specified as a
2. 8 cycles are required after power-on or prolonged

reference point only; if tgrcp is greater than the

periods (greater than 2ms) of RAS inactivity before
proper device operation is achieved. Any 8 cycles
which perform refresh are adequate for this purpose.
Vi (min) and Vj; (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vg and Vpy,.

Assumes that tpeop € trep (max). If tgop is greater
than the maximum recommended value shown in this
table fg 4 c exceeds the value shown.

Assumes that g cp 2 trcp (Mmax).

Measured with a load circuit equivalent to 2TTL loads
and 100 pF.

torr (max) defines the time at which the output
achieves the open circuit condition and is not refer-
enced to output voltage levels.

Operation with the ftgep (max) limit insures that

G HITACHI

10.

specified fpep (max) limit, then access time is
controlled exclusively be tcqc.  _

These parameters are reference to CAS leading edge in
early write cycles and to WE leading edge in delayed
write or read-modify-write cycles.

twcs, tcwp and trwp are not restrictive operating
parameters. They are included in the data sheet as
electrical characteristics only: if tycg 2 twcs (min),
the cycle is an early write cycle and the data out pin
will remain open circuit (high impedance) throughout
the entire cycle; if fcwp 2 tcwp (min) and tgpwp 2
tRwp (min) the cycle is a.read/write and the data
output will contain data read from the selected cell; if
neither of the above sets of conditions is satisfied the
condition of the data out (at access time) is indeter-
minate.
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

E TIMING WAVEFORMS
OREAD CYCLE

O® WRITE CYCLE

Vi =y

tRCD

R tcas:

[=-than tASC 1C AN—0
e —y
Row Address Column Address x
1
tRCS) trCHo—

RAC

Op
Open

Valid Data

tRCD

RAS n
CAs VY
Vi
Address Vir
Ve
WE v
Vi
Dow Yo
Vo
RAS Vir
— Vin
CAS Vie
Vin
Address
Vie

AN tasc—|

ACAN—o=

it

Row Address

Column Address K

WL
1

® READ-WRITE/READ-MODIFY-WRITE CYCLE

178

WE tup
Vi . e
tos
Vi —
Din Valid Data
e A
Vor
Dout Voo Op
truc
— Vi N thas
R Ak
s N i N
&S ‘:," teas ¥
" sk 1k
e tR AN tasc-e{ o lm—tcan
Vin
Addreuv Row Address Column Address x
1 L
Vin IRCS tCWD:
WE
V= b—lur—-‘
trac
Dout Vor
rot fe—e] Fo—ton-ey
tos|
Viu
Di Valid Data
" Un X X
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

®“RAS-ONLY” REFRESH CYCLE

 aaamm—— T
—
RAS N

IASI}"—‘ F-—trAN
Address )( Row Address

lcur.{ L._ - l-—urc
& Vi N4

®PAGE MODE READ CYCLE

RAS
RAS A \__
tcAs—a] fotcpe] e—tcas Fe—tcas tcrp
J— )
oS g N
1
tcAn ' tCAN
tasc—>{ — tasc —
Col Col
Address x'_ Add A‘:H
g t—1rCS
wrcn—d I._..- F-~trcS e l.;" trcn ~o '._
4
WE
fe——tcAc— e—tcac: e—rtcac:
e toFF
bt A (———— toFF torF
Von v,
Dout Vor Y
®PAGE MODE WRITE CYCLE
RC
AS

S N
RAS VH. 3 l: 7

tec

p=—trCD tcp o] [——ICAS—o] [ tcas—= tcrp-e—i
— —
cas  Vm L N N /
I

tRAH [eejtcan tcan tCAN

tase | =1 [T tasc tasc 1 ll:sc—--‘ v
Vin R Col {Car (5]
Address D A& N-A LA J-—X,-&X
) tweH HCH! L tWCH:
twes—el Fo— twes-e| Po— twes— Fo—
[—lC WL LWL WL
4
— Vin N
WE N / N/ R Y
Vi ~
pe—twC IRWL
s[>~ ton DSt ‘—um—‘* l{DS‘\“ oK
Din ™ X Velid Dats Valid Daa JX [ vatid D )X
i |
c—tlnu—-——J
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

B TYPICAL CHARACTERISTICS

ACCESS TIME
vs. SUPPLY VOLTAGE

N\
N

Access Time trac(Normalized)

0.9

S~

4.0 4.5 5.0

Supply Voltage Vec (V)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

50

5.5 6.0

Ta=20C

tre

T
30 /,
]

20

Supply Current Icci(Operation) (mA)

/‘/

1,000

5.0

5.5 6.0

Supply Voltage Vcc (V)

SUPPLY CURRENT
vs. CYCLE RATE

Vee=5.5V
Ta=20"C
trp=100ns

yd

30

20

Supply Current Icci(Operation) (mA)

1 2
Cycle Rate(1/trc) (MHz)
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Access Time trac(Normalized)

Supply Current [cci (Operation) (mA)

Supply Current Iccz (Stand By) (mA)

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=5.5V

0.9

=20

50

40

30

20

10

=20

10 40 70

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

100

1
Vec=55V

—
I

P— tre=270ns

[ — 330

[ ——
pr— 500

1,000

10 40 70
Ambient Temperature Ta (‘C)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

100

|
Ta=20"C
RAS, TAS= Viu

5.0 5.5

Supply Voltage Vce (V)



Supply Current Iccz (Stand By) (mA)

Supply Current Iccs (Refresh Cycle) (mA)

{mA"

'lcca ( Page Mode Cycle’

Supply Current

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

I

4

Vee=5.5V

RAS, TAS=Vin
3

\\

2 —
1
0
-20 10 40 70 100

Ambient Temperature Ta ('C)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

50
Vee=5.5V
40
30 tre =270ns ——
_— \\
——
e 130
20 e ————
=500
—
——
10
-20 10 40 70 100
Ambient Temperature Ta (°C)
SUPPLY CURRENT
vs. SUPPLY VOLTAGE
50
Ta=20C
40
30 tpc=170ns |
-
/ | 225
20 /
i — 500
—
10
4.0 4.5 5.0 5.5 6.0

Supply Voltage Vec (V)

HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

Supply Current Iccs (Refresh Cycle) (mA)

Supply Voltage Iccs (Refresh Cycle) (mA)

mA)

Supply Current Iccs (Page Mode Cycle) (

G HITACHI

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

50
Ta=20C
40
trc=270ns
30
/ / .
- /
500
20 —
/'/// 1,000
10
4.0 45 5.0 5.5 6.0

50

40

30

20

1

50
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20

10

Supply Voltage Vcc (V)

SUPPLY CURRENT
vs. CYCLE RATE

Vee=5.5V
Ta=20"C
trp=100ns

0 1 2 3 1

Cycle Rate (1/trc)(MHz)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee=5.5V
—
-\"\’P(’=l7()ns
[——
\
[ ——
2257
——
——
[ 500
20 10 10 70 100

Ambient Temperature Ta ('C

181



HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

SUPPLY CURRENT
vs. CYCLE RATE

50
— Vee=5.5V
] Ta=20"C
g tep=60ns
2
é’. 40
3
]
5 30
3
=
z /
£
U; 20 ]
> /
2 /
A /
10
0 1 2 3 4

Cycle Rate (1/tpc) (MHz)

INPUT LEVEL
vs. AMBIENT TEMPERATURE

2.5
Vee=5.0V
2.0
£
- Vin
]
>
3
‘:_; 1.5
- Vie
£
a
<
Lo
0.5
-20 10 10 70 100

Ambient Temperature Ta ('C)

CLOCK INPUT LEVEL
vs. AMBIENT TEMPERATURE

Vee=5.0V

v

Vi

Clock Input Level

1.0

0.5
=20 10 40 70 100

Ambient Temperature Ta (°C)
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Ai,Din Input Level (V)

Clock Input Level (V)

INPUT LEVEL
vs. SUPPLY VOLTAGE

Ta=20"C

1.0

=
1

13

5.0 5.5

Supply Voltage Vec (V)

CLOCK INPUT LEVEL
vs. SUPPLY VOLTAGE

“
2

6.0

Ta=20"C

\id
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\\

0.5

5.0 5.5
Supply Voltage Vee (V)



RAS/CAS Cycle Long RAS/CAS Cycle

s L / \ N
ol e [ \ [ \ [
N .
: J 1Y ] " 1l -
L LAY j| [ I a N / { JAIN)
N A A L WA A WA WA
o T — v OCJU IR A W A A —
Note : Vcc=5.0V, Ta=20'C
— fosoms

HAPPLICATION INFORMATION

®POWER ON

An initial pause of 500 us is required after power-up and a
minimum of eight (8) initialization cycle,(any combination of
cycles containing a RAS clock such as RAS-only refresh) must
follow an initial pause.

The Ve current (/oc) requirement of the HM4864 during
power on is, however, dependent upon the input levels (RAS,
CAS) and the rise time of V¢, as shown in Fig. 1.

O®READ CYCLE

A read cycle begins with addresses stable and a negative going
transition of RAS. The time delay between the stable address
and the start of RAS-on is controlled by parameter tasg -
Following the time when RAS reaches its low level, the row
address must be held stable long enough to be captured. This
controlling parameter is tgay . Following this interval, the
address can be changed from row address to column address.
When the column address is stable, CAS can be turned on. The
leading edge of CAS is controlled by parameter tgcp . The
basic limit on the CAS leading edge is that CAS can not start
until the column address is stable, and this is controlled by
parameter tagc . The column address must be held stable long
enough to be captured. The controlling parameter is tcay.
Note that tgep (max) is not an operating limit of the
HMA4864 though its specification is listed on the data sheets. |f
‘CAS becomes on later than tgcp (max), the access time from
RAS will be increased by the time which tgcp exceeds tpcp
(max).

Following the time when CAS reaches its low level, the
data-out pin remains in a high impedance state until a valid
data appears. This parameter is tcac -access time from CAS.
The access time from RAS—tgac—is the time from RAS-on
to valid Dout.

The minimum value of tgac is derived as the sum of tgcp
(max) and tcac-

The selected output data is held valid internally until TAS
becomes high, and then Dout pin becomes high impedance.
This parameter is tofF .

G HITACHI

Vee (V)

Icc (mA)

Vee (V)

Icc (mA)

HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

RAS.CAS=Vss

RAS.CAS="Vec
.

[ |

20 30 40
Time (us)

t:(Vec rise time) =10us

50

RAS,CAS="Vss

RAS,CAS=Vcc

| |

200 300 400

Time (us)
o Vec rise time) =100us

Fig.1 lcc vs. V¢ during power up.
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3

® WRITE CYCLE

A write cycle is performed by bringing WE low
before or during CAS-on.

Two different write cycles can be defined as;

Write cycle—Write data are available at the beginning
of the CAS-on so that the write operation starts at
the beginning. In this mode, Dout and WE signal
times are not in any critical path for determining
cycle time,

Following the time when WE reaches its low level,
WE must be held stable long enough to be captured.
This WE-on pulse deration is called tyyp. The time
required to capture write data in a latch is called
tpH . This cycle is called an “early write”.

Read Write cycle—This cycle starts as a read cycle,
but as soon as the device specification is met, a
write cycle is initiated.

WE and Din are delayed until after Dout. This cycle
is called a “delayed write”. A “Read-modify-write"’
cycle is a variation of this operation. In this mode,
Din and WE become critical path signals for
determining cycle time.

® CLOCK-OFF TIMING

RAS and CAS must stay on for Dout stabilized to
valid data. In the case of CAS, this is controlled by
parameter toas (min).

In the case of RAS, this is controlled by parameter
tcas (min). Following the end of RAS, CAS must
stay off long enough to precharge internal circuits.
Tﬁonly parameter of concern is tgp. Normally
CAS is not required to be off for minimum time of
tcrp. However, in a page mode memory operation,

there is a tcp (min) specification to control the
CAS-off time,

® DATA OUTPUT

Dout is three-state TTL compatible with a fan-out
of two standard TTL loads,

When CAS is_high, Dout is in a high impedance
state. When CAS is low, valid data appears after

tcac at a read cycle, and Dout is not valid as an
early-write cycle.

184

® REFRESH

Refresh of the HM4864 is accomplished by per-
forming a memory cycle at each of the 128 row
addresses within each two millisecond time interval.
AQ to A6 are refresh address pin compatible with
standard 16K RAM (HM4716A, HM4816A). During
refresh, either V| or V| is permitted for A7. Any
cycle in which RAS signal occurs refreshes the
entire selected row. RAS-only refresh results in
substantial reduction in operating power. This re-
duction in power is reflected in the /oc3 specifica-
tion.

® PAGE MODE

Page mode operation allows faster successive memo-
ry operations at multiple column locations of the
same row address with increased speed.

This is done by strobing the row address into the
chip and maintaining RAS at a logic low throughout
all successive CAS memory cycles in which the row
address is latched. As the time normally required for
strobing a new row address is eliminated, access and
cycle times can be descreaded and the operating
power is reduced. These are specifications.

@ HITACHI



HMV4864 A-12, HM4864 A-15; Preliminary-
HM4864A-20,HVI4864AP-12,
HM4864AP-15 HM4864AP-20

65536-word X 1-bit Dynamic Random Access Memory

B FEATURES ' HM4864A-12, HM4864A-15,
® Industry standard 16- Pin DIP (plastic, Cerdip) HM4864A-20
® Single 5V (£10%)
® On chip substrate bias generator
® Low Power: 275 mW active, 20 mW standby
e High speed: Access Time 120ns / 150ns / 200ns
® Common 1/0 capability using early write operation
® Page mode capability
@ Output data controlled by CAS
® TTL compatible
® 128 refresh cycles — (2ms)
(DG-16B)
HMBLOCK DIAGRAM HM4864AP-12, HM4864AP-15,
HM4864AP-20
WE ofR/W Clock R/W Switch
RAS 0 Goneravar Boffer . [© D"
— s (
— oA &) Data i
E | < |a £
< e g < -—0 Vcc
H H
Ar _ ;: Row Dec. @_EI:D Row Dec. E 0 Vss
Mo » § 8
@ ] €l . <
_E c.n; Array = Array
b 4 S
£ 3 B PIN ARRANGEMENT
3 . o o
Ao NCE 16 | Vss
DinE 15 | CAS
WE E 14 | Dout
B ABSOLUTE MAXIMUM RATINGS mE E“
Voltage on any pin relative to Vgg =+« -covv--- —1Vto 7V “’E 2] A
Operating temperature, Ta (Ambient) - --------- 0°C to 70°C
Storage temperature (Cerdip) « - =+ - oo e e —65°C to 150°C A’E il b
Storage temperature (Plastic) -+« cocecoeie e —55°C to 125°C A-E E}M
Power dissipation .......................... 1w VCCE e
Short circuit output current -« - 50 mA
B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C) (Top View)
Parameter Symbol min. typ. max. | Unit | Notes
Supply Voltage Vee 45| 5.0 5.5 \ 1 AO0—A7 : Address Inputs
CAS :  Column Address Strob
Input High Voltage Vin 2.4 - 6.5 v 1 Din : Dataln ross Sirone
Input Low Voltage Vio —-1.0 - 0.8 A 1 Dout :  Data Output
RAS :  Row Address Strobe
Notes : 1. All voltages referenced to Vss WE :  Read/Write Input
) Vee :  Power (+5V)
Note) The specifications of this device are subject to change without notice. V. s . Ground
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. A%—AS . Refresh Address Inputs
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HM4864A-12, HM4864A-15, HM4864A-20;
HM4864AP-12, HM4864AP-15, HM4864AP-20

B DC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vcc=5V+10%, Vss=0V)

Parameter Symbol min max Unit Notes
Operating Current (RAS, CAS Cycling : tzc=min) Iccx - 50 mA 1, 2
Standby Current (RAS = Vi4, Dout =High Impedance) Icc: - 3.5 mA
Refresh Current (RAS Cycling, CAS = Viy, tac=min) Iccs - 35 mA 2
Standby Current (RAS = Vi, Dout Enable) Iccs - 5.5 mA 1
Page Mode Current (RAS =V;,, CAS Cycling;tpc=min) Iccs - 35 mA 1, 2
Input Leakage (0< V.. <6.5V) Iu —-10 10 #A
Output Leakage(Dout is disabled, 0< V,..<5.5V) I, -10 10 rA
Output Levels High(l.=—5mA)/Low (I.u=4.2mA) Vou Vor 2.4/0 Vec/0.4 vV

Notes) 1. Icc depends on output loading condition when the device is selected, I max. is specified at the output open condition.
2. Current depends on cycle rate:maximum current is measured at the fastest cycle rate.

Il CAPACITANCE (Vcc=5V+10%, Ta=25C)

Parameter Symbol typ max Unit Notes
Input Capacitance Av~A:, Din Con — 5 pF !
RAS, m. WE Cinz - 10 pF 1

Output Capacitance Dout Cont - 7 pF 1, 2

Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. TAS =Viy to disable Dout.

H ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Ta=0 to 70°C, Vec=5V+10%, Vss=0V)

Parameter Symbol HM 4864A-12 HD{MBGAA-I 5 Hl‘{l 4864A-20 Unit | Notes
min max min max min max
Access Time From RAS trac - 120 - 150 - 200 ns 2,3
Access Time From CAS tcac - 60 — 75 - 100 ns 3,4
Output Buffer Turn-off Delay torr - 35 - 40 - 50 ns 5
Transition Time (Rise and Fall) tr 3 35 3 35 3 50 ns 6
Random Read or Write Cycle Time trc 230 - 260 - 330 - ns
RAS Precharge Time trp 100~ - 100 - 120 - ns
RAS Pulse Width tras 120 | 10000 150 | 10000 200 | 10000 ns
CAS Pulse Width tcas 60 2ms 75 2ms 100 2ms ns
RAS to CAS Delay Time trep 25 60 25 75 30 100 ns 7
RAS Hold Time trsH 60 — 75 - 100 - ns
CAS Hold Time tcsn 120 - 150 - 200 - ns
CAS to RAS Precharge Time tcar —10 - | —10 — | —10 - ns
Row Address Set-up Time tasr 0 — 0 — 0 — ns
Row Address Hold Time tran 15 — 15 - 20 - ns
Column Address Set-up Time tasc 0 - 0 - 0 - ns
Column_Address Hold Time tcan 20 - 25 - 30 - ns
Column_Address Hold Time Referenced to RAS [ 80 — 100 — 130 - ns
WE Command Set-up Time twes 0 - 0 — 0 — | ns 8
Write C d Hold Time twew 40 - 45 — 55 - ns
Write C d Hold Time Referenced to RAS twer 100 — 120 — 155 — ns
Write C d Pulse Width twp 40 - 45 — 55 - ns
Write C d to RAS Lead Time tawe 40 — 45 - 55 - ns
Write Command to CAS Lead Time tewe 40 — 45 - 55 - ns
Data-in_Set-up Time tos 0 — 0 — 0 — ns 9
Data-in Hold Time ton 40 — 45 - 55 - ns 9
Data-in Hold Time Referenced to RAS toHR 100 - 120 - 155 - ns
Read C d Set-up Time tres 0 - 0 - 0 - ns
Read Command Hold Time Referenced to CAS tren 0 - 0 - 0 - ns
Read Command Hold Time Referenced to RAS tRRH 10 - 10 - 10 - ns
Refresh Period trer - 2 - 2 - 2 ms
Read-Write Cycle Time tawe 255 - 280 - 345 - ns
CAS to WE Delay towp 40 - 45 - 55 - ns 8
RAS to WE Delay tawp 100 — 120 — 155 - ns
Page Mode Cycle Time tpc 130 — 145 — 190 - ns
CAS Precharge Time (for Page-mode Cycle Only) tce 60 - 60 — 80 - ns
CAS Precharge Time teen 30 — 35 - 45 - ns
RAS Precharge to CAS Hold Time trrc 0 — 0 — 0 — ns
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Notes

1.
2.

3.

AC measurements assume 7 = 5ns.

Assumes that trcp < trep (max). If tgep is greater
than the maximum recommended value shown in this
table, tR 4 ¢ exceeds the value shown.

Measured with a load circuit equivalent to 2TTL loads
and 100pF.

Assumes that trep 2 tRCD (max).

torr (max) defines the time at which the output
achieves the open circuit condition and is not refer-
ence to output voltage levels.

Vg (min) and Vjy (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vyzrand Vg .

Operation with the tpcp (max) limit insures that
tr Ac (max) can be met, Ircp (max) is specified as a
reference point only, if tpcp is greater than the
specified tpcp (max) limit, then access time is
controlled exclusively by tc4c.

HE TIMING WAVEFORMS
O®READ CYCLE

HM4864A-12, HM4864A-15, HM4864A-20
HM4864AP-12, HM4864AP-15, HM4864AP-20

8. twcs, tcwp and trwp are not restrictive operating

parameters.
They are included in the data sheet is electrical
characteristics only; if tycs 2 twcs (min), the cycle
is an early write cycle and the data output pin will
remain open circuit (high impedance) throughout the
entire cycle; if tcywp 2 towp (min) and tpywp 2
trwp (min) the cycle is a read-write and the data
output will contain data read from the selected cell; if
neither of the above sets of conditions is satisfied the
condition of the data out (at access time) is indeter-
minate.

9. There parameters are referenced to TAS leading edge
in early write cycles and to WE leading edge is delayed
write or read-modify-write cycles.

10. An initial pause of 100us is required after power-up
followed by a minimum of 8 initialization cycles.

thas

=

E]
s
N

TCan tar

tacp

tash

| teas

Vin ¢

o
»

tepn

tcan

Vi
task 73 fasc .|

Vin
Adresses X rov Mum,}O( Colum Address ) Xf
viL

Lacs

WE f
Vil em——

teac

Open

torF

Vou
Dout
VoL

O®WRITE CYCLE (EARLY WRITE)

Valid Data

[ Don't Care

tre
Vi tras
s W e —
Vis N I A \
T -
1 tRsw
trep T tcas tcrp
— Vi ot ]
CAs " T\ 4 \
Viu \
teen
task B asc _" tcan
Vin
Addresses >< Row Address Column Address X
i /
tewe
wes, twen
— Vin =\ twp
WE o ,
Vie
| tawL
fwen «
—f fo-ts |22
5 Vin X N
in T
viL —
tour
Dout Vou Open

[J Don't Care
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HM4864A-12, HM4864A-15, HM4864A-20

HM4864AP-12, HM4864AP-15, HM4864AP-20

® READ-WRITE/READ-MODIFY-WRITE CYCLE

ol
>
|

Addresses

Dout

tawe

Vi taas
N tan N
Vi tasH tar

treo Toas tcar
Vin T\ 7 |
Vie ._'Q‘

task faan Msc—' e toan
Vin
Row Address Column Address )} X

Vi | tawn tewe

trcs tewp tawe
Vin S
Vi e twr

teac —l  J—torr
Vou Open
Valid Data P
Vo trac
tos| I——— ton
Vin
Valid Data ’<

ViL

tre
tRAS
_ L
RAS N N
Vie trp
trpc .
f‘—" car—y
— Vi
CAS / N\ J
Vie
taan
Vin —o tasn b
Addresses X Row Address K
vie s
Vo Open
Dout Vou
J oort Care
®PAGE MODE READ CYCLE
ras
Vin ___15 tar \
Ras Vie Tcsw. e 4 Task tar
tacp Tcas Ter | teas teas tcar
Vin
CAs Ve \ { ] 7
o
tcan | S—— tcan
ol tasc tae |1
Vin
Adiresses o low '?oi k ol ol
teac teac teac
} taac torr, ] tory L torr
Vou Open - 1
Dout Vou P U fromm—
-J tacs tran
tacs =] [ 3 [:-.I F—— txcn
Viu
w7 A4 -

[ Don't Care
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HM4864A-12, HM4864A-15, HM4864A-20
HM4864AP-12, HM4864AP-15, HM4864AP-20

®PAGE MODE WRITE CYCLE

tRAS
— L4R
5 Vi K—-——————'
viL it
LCSH ERSH tRP
tpc S |

[ .
trep T tcas tcp, tcas tcas tcrp
Il
— Viu /
CAS X /4
Vie tRAH ™
tasc
)
(i Add

Addresses Vi
twen

tewL
_ Vin T——
WE ViL ‘/ ‘ﬁ / — 4
tweR Lz I ot ' T RWL
lns'- ‘L"_"_—i tosf— ton  tosf==1

T
Din :::'L' Valid Data Valid Data ( X Valid Data X
tDHR
B Don’t Care
O®HIDDEN REFRESH CYCLE

tac

trp
tras

= ™\
m A\ /7 tem

\
L""’ tasc tean _-' tran
tase [~ jo— ey tase
Vin
Row Column Row
Addresses Address Address Address
7

s L_ o e tacy
Vi |
WE / o] \
P — e
e
teac —— torr
vor L L
Qpen — Valid Data
Dout \
Vor

D Don’t Care
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HN46332P

4096-word X 8-bit Mask Programmable Read Only Memory

The HN46332P is a mask-programmable, byte-organized memory
designed for use in bus-organized systems. To facilitate use, the
device operates from a single power supply, has compatibility with
TTL and DTL, and requires no clocks or refreshing because of static
operation.

The memory is compatible with the HMCS6800 Microcomputer
Family, providing read only storage in byte increments. Memory
expansion is provided through multiple Chip Select inputs. The
active level of the Chip Select inputs and the memory content are
defined by the user.

B FEATURES . (DP-24)
® Fully Static operation
® Three-State Data Output for OR-Ties BPIN ARRANGEMEN
® Mask-Programmable Chip Selects for Simplified Memory Expan- P RR T
H ./
sion A’E 24 | Vec
® Sj + 5- P
Single + 5-Volt oner Supply N E E N
® Fully TTL Compatible -
® Maximum Access Time = 350ns E 2z ] A
® N-Channel Si Gate MOS Technology a4 21 cs:
® Pin Compatible with EPROMs A:E 20] csi
EMBLOCK DIAGRAM NG ] v
Ao — a7} 18] An
Ay — p———— Do
" O 7o
Az — Memory - F—————D:
A¢ — Matrix 3 State [——— D3 Do E 16§ De
As — ] Address (4096 X8) L S—) Dy [T_o" 51 bs
As —— Decode Buffers o Ds
Ar ——] SE——N n[11 14] D
As — =D vss [12 13] D:
= e =
Aro——
An— (Top View)
Vee=Pin24
csit Vss=Pinl2
cs:*
* Active level defined by the user.
M ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 \4
Input Voltage* Vin —0.3 to +7.0 \
Operating Temperature Range Topr —20 to +75 ‘C
Storage Temperature Range Tots —55 to +125 ‘C
* With respect to Vss.
Il RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Unit
Supply Voltage Vee 4.5 5.0 5.5 A
Vi —0.3 — 0.8 \
t Volt
fnput Voltage Vin 2.0 - Vee v
Operating Temperature Topr —20 - 75 °C
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HN46332P

B ELECTRICAL CHARACTERISTICS (Vec=5.0V+10%, Vss=0V, Ta=—20 to +75°C unless otherwise noted)

Item Symbol Test Condition min. typ. max. Unit
Input High-level Voltage Vin 2.0 - Vee v
Input Low-level Voltage Vio —0.3 - 0.8 v
Output High-level Voltage Vo Ton=—100 #A 2.4 - - v
Output Low-level Voltage VoL Tor=1.6mA - - 0.4 v
Input Leakage Current L. Via=0 to 5.5V - - 2.5 HA
Output High-level Leakage Current Tion Vo =2.4V,CS =0.8V,CS=2.0V - - 10 HA
Output Low-level Leakage Current IioL Vou =0.4V,CS =0.8V,CS=2.0V - - 10 HA
Supply Current . Icc Vec=5.5V = - 80 mA
Input Capacitance Cin Via =0V, f=1.0MHz, Ta=25°C - - 7.5 pF
Output Capacitance Cout Via =0V, f=1.0MHz, Ta=25C = - 12.5 pF

I AC OPERATING CONDITIONS AND CHARACTERISTICS
® READ SEQUENCE

Item Symbol min. max. Unit

Read Cycle Time tre 350 - ns
Address Access Time tacc - 350 ns
_Chip Enable to Output Time tco - 150 ns
Data Hold Time from Address tona 10 - ns
_Data Hold Time from Deselection ty 10 150 ns

tRe

tace

SOV E
Address 20v x
0.8V .
2.0V

%

0.8V

— ty —

b (D1 A~

e
Data Out O
2

WMAC TEST LOAD

5.0V( Vee)
Ru=24kQ

Test Point

Notes : 1, ¢ =t;=20ns
— 2. C. includes jig capacitance
3, All diodes are 152074 ®
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HN48364P

8192-word X 8-bit Mask Programmable Read Only Memory
The HN48364P is a mask-programmable, byte-organized memory

designed for use in bus-organized systems. To facilitate use, the
device operates from a single power supply, has compatibility with
TTL and DTL, and requires no clocks or refreshing because of static

operation.

The memory is compatible with the HMCS6800 Microcomputer
Family, providing read only storage in byte increments. The active
level of the Chip Enable input and the memory content are defined
by the user. The Chip Enable input deselects the output and puts the

chip in a power down mode.
B FEATURES
Fully Static Operation

Automatic Power Down

Single +5-Volt Power Supply
Three-State Data Output for OR-Ties
Mask Programmable Chip Enable

(DP-24)

M PIN ARRANGEMENT

. S
TTL Compatible "E 7] ve
Maximum Access Time-350ns . E —
Pin Compatible with EPROMs
ME 22 | As
Ml 21 | A
H BLOCK DIAGRAM E
s[5 20 E
P L p—
A: p— p—— go A E 19 | Awe
] p——————— 1
:: — Memory 3-State l————D: A7 E An
Ad Address Matrix Output Ds M8 17| D>y
AS ] Dy
Ac——] Decode (81928) Buffers [~ D; o] 16] >
Ar— De o [10 15] s
As =i "D
Ay — D i N 14 | De
Al o ——]
A:: Vss | 12 13| ps
Arz = .
Vee=Pin 24 (Top View)
oF ’ Vss=Pin 12
* Active level defined by the user
M ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 v
Input Voltage®* Via —0.3 to +7.0 A
Operating Temperature Range Topr —20 to +75 ‘c
Storage Temperature Range Tots —55 to +125 C
* With respect to Vss.
Il RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Unit
Supply Voltage Vee 4.5 5.0 5.5 \4
Vi —-0.3 - 0.8 v
Input Voltage
VIM 2-0 - VCC v
Operating Temperature Topr —20 - 75 C

194

O HITACHI




HN48364P

M ELECTRICAL CHARACTERISTICS (Vcc=5.0V+10%, Vss=0V, Ta=—20 to +75°C unless otherwise noted.)

Item Symbol Test Condition min. typ. max. Unit
Input High-level Voltage Viu - 2.0 - Vee A
Input Low-level Voltage Vie - —-0.3 - 0.8 v
Output High-level Voltage Vou Tow=—205pA 2.4 - - \
Output Low-level Voltage Vo Too=3.2mA — - 0.4 \
Input Leakage Current L. Via=0to 5.5V - - 2.5 KA
Output High-level Leakage Current Teon Vo =2.4V,E=0.8V,E=2.0V - - 10 HA
Output Low-level Leakage Current TeoL Vo =0.4V,E=0.8V,E=2.0V - - 10 HA
Supply Current (Active /Standby) Icc/Is Vee=5.5V - 45/6 80/10 mA
Input Capacitance Cin Via=0V, f=1.0MHz, Ta=25°C - - 7.5 pF
Output Capacitance Cout Vi =0V, f=1.0MHz, Ta=25C - - 12.5 pF
W RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vee=5.0V+10%, Ta=—20 to +75°C, All timing with ¢.=2,=20ns)
Item Symbol min. max. Unit
Read Cycle Time tre 350 - ns
Chip Enable Pulse- Width tce 350 - ns
Address Access Time tacc - 350 ns
Chip Enable to Output Time tco - 350 ns
Previous Read Data Valid ton 10 - ns
Chip Enable Low to Output Invalid tex 10 — ns
Chip Enable High to Output High Z torr 0 80 ns
Chip Selection to Power Up Time tru 0 - ns
Chip Deselection to Power Down Time tep - 120 ns
Address Setup Time tas 0 - ns

OREAD CYCLE TIMING 1 (E Held Low)

e
ADDRESS X * Vin

— Vi

o _tace vor
Q(Data out) Previous Data Valid Data Valid

Voo

®READ CYCLE TIMING 2

p=—tAS

Vi

ADDRESS @ Address Valid "
Vie

tck, |
E _—_\!\ ‘f—Vm
Vi
tco
tcx "‘—‘_-{ f-mrr

Q(Data out) HIZ ( [ >ﬁ_
—‘] ter |‘" - You

o
Vee === ——————
Supply /

Current Isg 5.0V(Vec)
l Ru=2410

B AC TEST LOAD

Test Point

Notes : 1. t.=#=20ns
— 2. C. includes jig capacitance
3. All diodes are 1S2074®

@ HITACHI 195



HN43128P

16384 X 8-bit or 32768 X 4-bit CMOS Mask Programmable Read Only Memory
The Hitachi HN43128P is a mask programmable, 16384x8-bit or
32786x4-bit CMOS read only memory. It operates from a single
power supply and is compatible with TTL and DTL. Low power con-
sumption makes this memory well-suited for battery-operation or
hand-held personal computers. Memory expansion can be imple-
mented through two chip select inputs. Either active ‘"High” or active
“Low" of chip select inputs and a chip enable input is defined at mask
level. The organization of 8 bit or 4 bit is designed by the user.

B FEATURES
® Mask-programmable for either 4-bit or 8-bit organization. (DP-28)
® Three-state outputs, can be wired-OR.
® Two mask programmable chip select terminals facilitate memory B PIN ARRANGEMENT
. N
expansion. NC(A)* [I % vee
® A signle 5V power supply (+10%). "“[z ] cs,
® Low power consumption: 3mW typ. A’E 5 cse
® TTL compatible M —
® Access time: 6us (max) "’E 7] A
® Sj gate CMOS technology N 7 Au
Asl 7 22 |CE
21
EBLOCK DIAGRAM a3 Ao
Do == Dr A ‘ 9 E An
2 A [ 10 19 | Dr
l 3-State Buffers ]‘—' Do 11 18 | Ds
. 17
cs L 1 T D [1z ] = :js
‘1 CS Logic I Latch I‘.. D2| 13 J
CS2 c
1 f Vssl 14 15 | D3
( ] —ﬁ'—;;i Y-Decoder ]'—‘
o T T (Top View)
} *The most significant address in 4-bit organization.
An — CS Control -
Memory Array
X Decoder —
‘ — - 131072 bit
(e : : EPIN EXPLANATION
— !
CE ———-——1 - | Ao-Aws Address Inputs
‘1 Timing Generator
I Do-D- Data Outputs
CS:, CS: Chip Select Inputs
CE Chip Enable Input
Vee +5V
Vss GND

*1 Active level defined at mask level.

*2 Mask programmable selection of either 4-bit or
8-bit organization.
In 4-bit organization, data outputs are Do to Ds.

196 A HiITACHI



Bl ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage* Vee —0.3~+7.0 \J
Input Voltage®* Vin —0.3~+7.0 v
Operating Temperature Range Topr —20~+75 C
Storage Temperature Tuis —55~+125 C

Note : * Referenced to Vss.

HN43128P

M ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vec=5V+10%, Vss=0V, Ta= —20~+75°C)

Item Symbel Test Condition min typ max Unit
Input “High” Level Voltage Via 2.4 — Vee \4
Input “Low” Level Voltage Vie 0 - 0. A
Output “High” Level Voltage Vo Ton=—100£A 2.4 - v
Output “Low” Level Voltage Vor Ioo=1.6mA - - 0.4 A
Input Leakage Current I, Vin=0~5.5V - - 2.0 A
Output “High” Level Leakage Current Iion CE=0.8V Vou =2.4V - - 5 #A
Output “Low” Level Leakage Current Iow CE=2.0V Vou =0.4V - - 5 HA

In stand-by Iss 123 ST - 1 50 2A

Supply Current In operation Icc tre=7.5p4s Vee=8V - 0.6 1.5 mA
Input Capacitance C. V=0V, f=1MHz, Ta=25C - — 10 pF
Output Capacitance Cout - - 12.5 pF
Il AC OPERATING CHARACTERISTICS
® READ SEQUENCE

Item Symbol min max Unit
Read Cycle Time trc 7.5 - Hs
Address Access Time tascc — 6.5 Hs
Chip Enable Access Time teace - 6.0 Hs
Data Hold Time from Address tor 0.05 0.5 Hs
Address Set-up Time tas 0.5 - Hs
Address Hoid Time tan 0 - Hs
Chip Enable ON Time teg 6.0 - Hs
Chip Enable OFF Time tce 1.0 - Hs

tRC |
-

| ®LOAD CIRCUIT
Adress d ]

: us : . \ ;";lul - RL=2.4kQ

"-J_—' : ; T Test point
& M Il

' [ 21— oy

| taacq | |

e ttet———f

Notes : 1. t,=t;=20ns.
2. C. includes jig capacitance.
3. All diodes are 152074 ®.
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HNG613128P

16384-word X 8-bit Mask Programmable Read Only Memory
The HN613128P is a mask-programmable, byte-organized memory

designed for use in bus-organized systems. To facilitate use, the
device operates from a single power supply, has compatibility with
TTL and DTL, and requires no clocks or refreshing because of static
operation. The active level of the CS, OE,, OE, input and the
memory content are defined by the user. The Chip Select input
deselects the output and puts the chip in a power-down mode.

Preliminary ——

B FEATURES
® Fully Static Operation
® Automatic Power Down
® Single +5-Volt Power Supply (DP-28)
® Three-State Data Output for OR-Ties
® Mask Programmable Chip Select, Output Enable B PIN ARRANGEMENT
® TTL Compatible \_J
® Maximum Access Time-250ns Nc[1] 28] Vec
® Low Power Standby and Low Power Operation; A [2] [27] OE: *
Standby: 5uW (typ.) A7 E E Ans
Operation: ~ 100mW (typ.) As [4] 25] As
As[5] [24] As
EBLOCK DIAGRAM A6 23] A
20— A3 E 22 OEo *
:;: lel’ Az E E Ao
As-: Memory :);Smo g A1 E 20]CS *
:‘A;: A:ir:: (|:‘;;::g) B“'t':\:: g Ao @ E Dz
AT — g Do E E Ds
o D [ [17] Ds
Alo— D2 [13] (161 D,
11— = —
A12—— Vss E E Ds
Al3—
. &% ! (Top View)
* OEo
* OE:
* Active level defined by the user.
l ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 \
Input Voltage* Via —0.3 to +7.0 \'
Operating Temperature Range Topr —20 to +75 ‘c
Storage Temperature Range Tue —55 to +125 ‘c
* With respect to Vss.
Il RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Unit
Supply Voltage Vee 4.5 5.0 5.5 A
Input Voltage Vi —0.3 — 0.8 v
Viu 2.0 - Vee \
Operating Temperature Topr —-20 - 75 ‘C

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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B ELECTRICAL CHARACTERISTICS (Vec=5.0V+£10%, Vss=0V, Ta=—20 to

HN613128P

+175°C unless otherwise noted)

= N\\X

tacs

T

Dout

®READ CYCLE(2) (Notes 1,3,4)

e

Address

X

7]

Dout

)

®READ CYCLE (3) (Notes 2,3,4)

F T
N

tacs

G HITACHI

Item Symbol Test Condition min typ max Unit

Input High-level Voltage Vin 2.0 - Vee v
Input Low-level Voltage Vi —0.3 - 0.8 v
Output High-level Voltage Vou Toy=—20521A 2.4 - - v
Output Low-level Voltage VoL IoL=3.2mA - - 0.4 \Y
Input Leakage Current Iia Va=0 to 5.5V - - 2.5 KA
Output High-level Leakage Current | Iron Vi =2.4V,CS =0.8V,CS = 2.0V - - 10 rA
Output Low-level Leakage Current | I.o Vou=0.4V,CS =0.8V,CS =2.0V - - 10 KA
Supply Current (Active/Standby) Icc/ Inv | Vec=5.5V, Inour=0mA /CS 2 Vcc—0.2V,CS<0.2V — | 20/1 | 40/30 {mA /¢#A
Input Capacitance Ci Via =0V, f=1.0MHz, Ta=25C - - 10 pF
Output Capacitance Cous Via =0V, f=1.0MHz, Ta=25'C - - 15 pF
M RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)

(Vec=5.0V+10%, Ta=—20 to +75°C, All timing with ¢,=t;,=20ns)

HN613128P
Item Symbol Unit
min max
Read Cycle Time trc 250 - ns
Address Access Time taa - 250 ns
Chip Select Access Time tacs - 250 ns
Chip Selection to Output in Low Z tcrz 10 - ns
Output Enable to Output Valid toe - 100 ns
Output Enable to Output in Low Z toLz 10 - ns
Chip deselection to Output in High Z tcnz 0 80 ns
Chip Disable to Output in High Z tonz 0 80 ns
Output Hold from Address Change ton 10 - ns
B TIMING WAVEFORM
O READ CYCLE (1) (Notes 4)
e NOTES:
1. Device is continuously selected.
Add >< >( 2. Address Valid prior to or coincident
ress . T g
with CS transition low.
1Ak 3. OE= VI_L.
_ /] 4. When CS is Low, the address
\\\\\\\\\ A ; ; Z ; / input must be in the high
impedance state.
tog

199



HN61256P

32768 X 8-bit or 65536 X 4-bit CMOS Mask Programmable Read Only Memory

The Hitachi HN61256P is a mask programmable, 32768x8-bit or
65536x4-bit CMOS read only memory. It operates from asingle power
supply and is compatibel with TTL and DTL. Low power consump-
tion makes this memory well-suited for battery-operation or hand-
held personal computers. Memory expansion can be implemented
through one chip select input. Either active “High’" or active “Low"’
or chip select input and a chip enable input are defined at mask level.
The organization of 8 bit or 4 bit is defined by the user.

B FEATURES
® Mask-programmable selection of either 4-bit or 8-bit organization.

® Three-state outputs, can be wire-ORed.

® One mask programmable chip select terminal facilitates memory
expansion.

A single 5V power supply (+10%).

Low power consumption: 7.5mW typ.

TTL compatible

Access time: 3us (max)

Si gate CMOS technology

B BLOCK DIAGRAM

b ——————=py

* !

3-State Buffers l“"
*1
. E—
t i
" | Y-Decoder '.—
| It 1 t
All E— CS CUII(I‘I)I - o4
Memory Array
X Decoder ]
(An) — — |4 262144 bits
]
— 1 t

CE ‘1 I Timing Generator r

200 O HITACHI

(DP-28)

HPIN ARRANGEMENT

Ne(as) [T ~ 78 | Vec
Anlz 27 | Au
L %6 | cs
a4 25 | As
"-*E 24 | As
A‘E 23 | Az
"’E 22 | CE
"‘II 21 | Ao
A'E 20 | A
A 10 19 | D
[ 1 18 | De
m[ 12 17 | Ds
| 13 16 | Ds
Vss| 14 15 | Ds

(Top View)

HEPIN EXPLANATION

Ao-As Address Inputs
Do-Ds Data Outputs

CS Chip Select Input
CE Chip Enable Input
Ve +5V

Vss GND

*1 Active level defined at mask level.

*2 Mask programmable selection of either 4-bit or
8-bit organization.
In 4-bit organization, data outputs are Do to Ds.




HN61256P

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage* Vee —0.3~+7.0 \
Input Voltage* Via —0.3~+7.0 \
Operating Temperature Range Topr —20~+75 C
Storage Temperature Range Tue —55~+4125 C

Note : * Referenced to Vss.

B ELECTRICAL CHARACTERISTICS
(Unless otherwise specified, Vec=5V+10%, Vss=0V, Ta=—20~+75C)

Item Symboi Test Condition min iyp max Unit

Input “High” Level Voltage Vin 2.4 - Vee \'
Input “Low” Level Voltage Vi 0 - 0.8 v
Output “High” Level Voltage Vo Ton=—100£A 2.4 - - v
Output “Low” Level Voltage Vo Tor=1.6mA - - 0.4 \
Input Leakage Current Lin Via=0~5.5V - - 2.0 HA
Output “High” Level Leakage Current Iion CE=0.8V Vo =2.4V - - 5 rA
Output “Low” Level Leakage Current IoL CE=2.0V Vour =0.4V - - 5 EA
Supply Current In_stand by Iss 82 Vv h:aY Vee=5V — ! i 1A
In operation Icc tre=4.0pus - 1.5 3.0 mA

Input Capacitance Cin V=0V, f=1MHz, Ta=25C - - 10 pF
Output Capacitance GCou - - 12.5 pF

B AC OPERATING CONDITION AND CHARACTERISTICS
® READ SEQUENCE

Item Symbol min max Unit
Read Cycle Time tre 4.0 - Hs
Address Access Time taacc - 3.5 Hs
Chip Enable Access Time tEacc — 3.0 Hs
Data Hold Time from Address tor 0.05 0.5 Hs
Address Set-up Time tas 0.5 - Hs
Address Hold Time Laii ¢ - s
Chip Enable ON Time tr 3.0 - HUs
Chip Enable OFF Time tce 0.5 - Hs

tRC ]

®LOAD CIRCUIT

.
| i

Address : ' 5.0V( Vee)

cs ! Ru=2.4kQ
—
J

1 L'“A’l
L tas [ CE . | e o Test point
1 L |
CE —_—m 30pF 11k
| |
| | | tor
teacc
I taace | [nm
}‘————‘ -~

<<< § § >>>{ HI Z
Dout Valid
Dout out Yall Notes : 1.t,==20ns.

2.C. includes jig capacitance.
3.All diodes are 1S2074®.
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HN462716,HN462716G

2048-word X 8-bit U.V. Erasable and Electrically Programmable Read Only Memory

The HN462716 is a 2048 word by 8 bit erasable and electrically
programmable ROMs. This device is packaged in a 24-pin, dual-in-
line package with transparent lid. The transparent lid allows the user
to expose the chip to ultraviolet light to erase the bit pattern,
whereby a new pattern can then be written into the device.

® Single Power Supply - --- +5V 6%

® Simple Programming - - - - Program Voltage: +25V DC
Programs with One 50ms Pulse

® Static --rcr e No Clocks Required

® |nputs and Outputs TTL Compatible During Both Read and

Program Modes

® Fully Decoded-on Chip Address Decode

® Access Time ----..... 450ns Max.

® Low Power Dissipation - - 5565mW Max. Active Power
213mW Max. Standby Power

® Three State Output- - - .- OR- Tie Capability

® Interchangeable with Intel 2716

HBLOCK DIAGRAM
Oo~0r
o—

19979711

OE O—={ CS, Power Down &
CE O—e] Prog, Logic Output Buffers
Y Decoder : Y Gating
_iN
Pt ——
.
A~An{ O—of :
O—e  XDecoder 16384bit EPROM Matrix
0 .
o— .
5 °
el

Il PROGRAMMING OPERATION

Pins CE OE Ver | Vec Outputs
Mode (18) (20) (21) | (24) | (9~11,13~17)
Read Vie Vi +5( +5 Dout
Deselect Don’t Care Vin +5( +5 High Z
Power Down Viu Don’t Care +5( +5 High Z
Program Pulsed Vi. to Viu Viu +25| +5 Din
Program Verify Vie Vi +25| +5 Dout
Program Inhibit Vi Viu +25| +5 High Z

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperature Range Tte —65 to +125 ‘C
All Input and Output Voltages* Vr —0.3 to +7 \'
Vee Supply Voltage* Ver —0.3 to +28 \

* With respect to Ground

202 @ HITACHI

HN462716

(DC-24C)

HN462716G

(DG-24B)

HPIN ARRANGEMENT

AyE ~ 24 Vee
A,E [22]
N [21] v
A:E 20]0E
NG o
m[7] EEE
a3 E]m
B [16]0¢
o010 EOs
M my
onoiz] [13]0s
(Top View)



B READ OPERATION

HN462716, HN462716G

ODC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver="Vcct0.6V)

Item Symbol Test Condition min. typ. max. Unit
Input Leakage Current Iu Vin=5.25V - - 10 rA
Output Leakage Current Io Vour=5.25V/0.4V — - 10 HA
Ver Current Irpy Ver=5.85V - - 5 mA
Vee Current (Standby) Icc CE=Vw,OE=Vu. - 21 35 mA
Vee Current (Active) Icce OE=CE=Vu - 62 100 mA
Input Low Voltage Vio —-0.1 - 0.8 v
Input High Voltage Viu 2.0 - Vee+1 v
Output Low Voltage Vo To,=2.1mA - - 0.4 v
Output High Voltage Vou Tou=—400 A 2.4 — — \'4
Note : Vcc must be applied simultaneously or before Vi and removed simultaneously or after Vep.
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V £5%, Ver=Vcc+0.6V)
Parameter Symbol Test Condition min. typ. max. Unit
Address to Output Delay tacc OE=CE=Vu. — - 450 ns
CE to Output Delay tce OE=Vi. — - 450 ns
OE to Output Delay toe CE=Vu - - 120 ns
OE High to Output Float* tor CE=Vu. 0 — 100 ns
Address to Output Hold tou OE=CE=Vu 0 — - ns
* . tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
©® CAPACITANCE (Ta=25°C, f~1MHz)
Item Symbol Test Condition typ. max. Unit
Input Capacitance Cia Vin=0V - 6 pF
Output Capacitance Cout Vour=0V - 12 pF
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: <20ns
Output Load: 1TTL Gate + 100 pF
Reference Level for Measuring Timing: Inputs 1V and 2V
Outputs 0.8V and 2V
READ MODE (CE=Vi.)
Address X
oE _\ LoF
fo—tor—
Data o."-————< Data Out Valid >—
STANDBY MODE (OE=V;.)
Address X
CE Standby Mode Standby Mode
Active Mode
oy
Data Out < Data Out Valid >———-—
S
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HN462716, HN462716G

® TYPICAL CHARACTERISTICS

80 . 800 T
lcca Vee=5V
- Ta=25C
60 600
I———
3 E —
£ w - = e >
K] 2} 3 /
20 200
[ 20 4 60 0 0 0 400 600 800
Temperature ('C) Capacitance (pF)
800 T 800
Vee=5V
Ta=25C
600 600
‘E 400 ‘E 400[~g
\
200 200
0 20 40 60 80 N
Vee (V)
Temperature ('C)
®DC PROGRAMMING CHARACTERISTICS (Ta=25C£5°C, Vec=5V+5%, Ver=25V+1V)
Parameter Symbol Test Condition min typ. max. Unit
Input Leakage Current Iu Vin=5.25V — - 10 HA
Vee Supply Current Irp1 CE=Vi. - - 6 mA
Vee Supply Current During Programming Irr2 CE=Vin - — 30 mA
Vce Suppiy Current Icc - - 100 mA
Input Low Level 7 —0.1 - 0.8 \4
Input High Level Vin 2.0 - Vee+1 A%
® AC PROGRAMMING CHARACTERISTICS (Ta=25°C£5°C, Vcc=5V+5%, Ver=25V1V)
Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time tas 2 - - s
OE Setup Time toes 2 - - “s
Data Setup Time tos 2 — - Ms
Address Hold Time tan 2 - - Us
OE Hold Time toen 5 — - “s
Data Hold Time ton 2 — - us
OE to Output Float Delay* tor CE=Vu. 0 - 120 ns
OE to Output Delay toe CE=Vu - - 120 ns
Program Pulse Width tew 45 50 55 ms
Program Pulse Rise Time tPRT 5 — — ns
Program Pulse Fall Time tpFr 5 — - ns

Notes : Vcc must be applied simultaneously or before Ver and removed simultaneously or after Vir.
% [ tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Times: < 20ns
Output Load: 1 TTL Gate + 100 pF
Reference Level for Measuring Timing:
Inputs; 1V and 2V, Outputs; 0.8V and 2V

® PROGRAMMING WAVEFORMS

HN462716, HN462716G

Program Verify ——————e={

Progra

b,

Addresses X
R L e |

Data Data Out Valid }——{ Data In Stable

r Data Out
Valid p

tps

teaT

®ERASE
Erasure of HN462716 is performed by exposure to ultra-

violet light with a wavelength of 25637A, and all the output
data are changed to ‘1" after this erasure procedure.

The minimum integrated close (i.e., UV intensity x expo-
sure time) for erasure is 15W + sec/cm?

HEDEVICE OPERATION

® READ MODE

Dataout is available 450ns (t'scc) from addresses
with OE low or 120ns (tog) from OE with add-
resses stable.

e DESELECT MODE

The outputs may be OR-tied together with the
other HN462716s. When HN462716s are dese-
lected, the OE inputs must be at high TTL level.

® POWER DOWN MODE
Power down is achieved with CE high TTL level. In
this mode the outputs are in a high impedance state.

® PROGRAMMING

Initially, and after each erasure, all bits of the
HN462716 are in the “High" state (Output High).
Data is introduced by selectively programming
“low" into the desired bit locations. In the program-
ming mode, Vpp power supply is at 256V and OE
input is at high TTL level. Data to be programmed
are presented 8-bits in parallel, to the data output
lines (00 to O7).

The addresses and inputs are at TTL levels.

After the address and data setup, a 50 ms, active
high program pulse is applied to the CE input. The
CE is at TTL level.

The HN462716 must not be programmed with a DC
signal applied to the CE input.

® PROGRAM VERIFY
The HN462716 has a program verify mode. A verify
should be performed on the programmed bits to
determine that they were correctly programmed. In
this mode Vpp is at 25V,

® PROGRAM INHIBIT

Programming of multiple HN462716s in parallel
with different data is easily accomplished by using
this mode. Except for CE, all like inputs of the
parallel HN462716s may be common.

A TTL program pulse applied to a HN462716's CE
input will program that HN462716. A low level CE
inhibits the other HN462716s from being pro-
grammed.
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HN462716G-1,HN462716G-2

2048-word X 8-bit U.V. Erasable and Electrically Programmable Read Only Memory
The HN462716 is a 2048 word by 8 bit erasable and electrically
programmable ROMs. This device is packaged in a 24-pin, dual-in-
line package with transparent lid. The transparent lid allows the user
to exposes the chip to ultraviolet light to erase the bit pattern,
whereby a new pattern can then be written into the device.

® Single Power Supply - -: - +5V 15%;

® Simple Programming - ---- Program Voltage: +25V DC
Programs with One 50ms Pulse

® Static - ----cceiiiiiann No Clocks Required

® Inputs and Outputs TTL Compatible During Both Read and
Program Modes

® Fully Decoded-on Chip Address Decode

® Access Time --------.... 350ns Max.: HN462716G-1

(DG-24B)

390ns Max.: HN462716G-2

® Low Power Dissipation - - - - 555mW Max. Active Power MPIN ARRANGEMENT

16 1TmW Max. Standby Power “’E A ] vee
® Three State Output------- OR- Tie Capability Y6 4
® Interchangeable with Intel 2716
A:E EA:
N 21 vee
H BLOCK DIAGRAM 0o~01 M E“—E
——t—
TTPTees o B
af7 18|CE
OE 0O—] CS,POWERDOWN& [ :]0
cE PROG,LOGIC OUTPUT BUFFERS aef 7] [17]0r
OgE E();
( . 0 510
Y . Y GATING ] 5]
DECODER . O'E Eo.
J o . cxn[iz] @0:
Ao— A0 { O .
o— X 16384 bit (Top View)
DECODER . EPROM MATRIX
Lo :
o—
M PROGRAMMING OPERATION
Pins CE OE Ver Vee Outputs
Mode (18) (20) (21) (24) (9~11,13~17)
Read Vie ViL +5 +5 Dout
Deselect Don’t Care Vin +5 +5 High Z
Power Down Viu Don’t Care +5 +5 High Z
Program Pulsed Vi. to Vin Viu +25 +5 Din
Program Verify Vio Vie +25 +5 Dout
Program Inhibit Vio Vin +25 +5 High Z
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range Tosr 0 to +70 ‘C
Storage Temperature Range Tuis —65 to +125 ‘C
All Input and Output Voltages® i Vr —0.3 to +7 \4
Ver Supply Voltage®* Ve —0.3 to +28 \

* With respect to Ground
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Il READ OPERATION

®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Voc=5V 5%, Ver=Vcc10.6V)

Item Symbol Test Condition min -typ max Unit
Input Leakage Current Iu Vin=5.25V - - 10 KA
Output Leakage Current Io Vour=5.25V /0.4V - - 10 EA
Vep Current Ipp1 Ver=5.85V - - 5 mA
Vec Current (Standby) Iecy CE=Vi, OE=V,, - 13 25 mA
Vce Current (Active) Icc: OE=CE=V.. - 56 100 mA
Input Low Voltage Vio —0.1 - 0.8 v
Input High Voltage Viu 2.0 - Veet+1 \'
Output Low Voltage Vo Io,=2.1mA - - 0.4 v
Output High Voltage Vou Ton=—400 A 2.4 - - v
Note : Vec must be applied simultaneously or before Vi and removed simultaneously or after Ver.
©® AC CHARACTERISTICS (Ta=0 to +70°C, Voc=5V+5%, Ver=Vcct0.6V)
HN462716G-1 HN462716G-2
Parameter Symbol Test Condition - Unit
min typ max min typ max
Address to Output Delay tacc OE=CE=V. - - 350 - - 390 ns
CE to Output Delay tce OE=Vi. — - 350 - - 390 ns
CE to Output Delay toe CE=Vi. - - 120 - - 120 ns
OE High to Output Float tor CE=Vu. 0 - 100 0 - 100 ns
Address to Output Hold ton OE=CE=V. 0 - - 0 - - ns
Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
©® CAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition typ max Unit
Input Capacitance G Vin=0V - 6 pF
Output Capacitance Cout Vour=0V - 12 pF
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: S20ns
Output Load: 1TTL Gate + 100 pF
Reference Level for Measuring Timing: Inputs 1V and 2V
Outputs 0.8V and 2V
READ MODE(CE=V..)
Address X
OE _—_\ _
toF
| —r—
Data Oul—-< Data Out Valid >—
STANDBY MODE (OF = Vi)
Address X
CE Standby Mode Standby Mode
Active Mode
tor
tck
Data Out Data Out Valid }—-——
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HN462716G-1, HN462716G-2

® TYPICAL CHARACTERISTICS

60 Icc:
\\
—_ —
E .
o
=2
Icca
20
0 20 40 60 80
Temperature ('C)
800 T
Vee=5V
£
o
S 400
I
200
0 20 40 60 80

Temperature ('C)

B PROGRAMMING OPERATION

tacc (ns)

ucc (ns)

800
Vee =5V _J
Ta=25°C
600
L~
400
"
/,
200
0 200 400 600 800
Capacitance (pF)
Ta=25C
600
400

200

200

Vee (V)

©DC PROGRAMMING CHARACTERISTICS (Ta=25°'C+5°C, Vec=5V£5%, Vepr=25V£1V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vee=5.25V - - 10 A
Ver Supply Current Ipp: CE=V. - - 5 mA
Ver Supply Current During Progr Ipp: CE=Vy - - 20 mA
Vce Supply Current Icc - - 100 mA
Input Low Level Vi —0.1 — 0.8 \
Input High Level Viu 2.0 - Vee+1 v
® AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Voc=5V 5%, Vep=25VE1V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - us
OE Setup Time toes 2 - - Hs
Data Setup Time tos 2 - - Hs
Address Hold Time tan 2 - - H#s
OE Hold Time toen 5 - - us
Data Hold Time ton 2 - - #s
OE to Output Float Delay tor CE=V. 0 - 120 ns
OE to Output Delay tog CE=V. - - 120 ns
Program Pulse Width tew 45 50 55 ms
Program Pulse Rise Time terr 5 - - ns
Program Pulse Fall Time terr 5 - - ns

Note . Voc must be applied simultaneously or before Ve and removed simultaneously or after Vep.
tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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HN462716G-1, HN462716G-2

® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: 0:8V to 2.2V
Input Rise and Fall Times: <20ns
Output Load:

1TTL Gate + 100 pF
Reference Level for Measuring Timing:

Inputs 1V and 2V
Outputs 0.8V and 2V

® PROGRAMMING WAVEFORMS

Y
Address ><
K-

Data Out
Valid

PROGRAM PROGRAM VERIFY

tas

LAH

Data Data In Stable Data Out

Valid

trw

CE LOES / \

tPRT — L—— — b—terr

® ERASE

Erasure of HN462716 is performed by exposure to ultra-
violet light with a wavelength of 2637A, and all the output
data are changed to ‘‘1"" after this erasure procedure.

The minimum integrated close (i.e., UV intensity x expo-
sure time) for erasure is 15W + sec/cm?.
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HN462532,HN462532G;

HN462532G-2

4096-word X 8-bit U. V. Erasable and Programmable Read Only Memory
The HN462532 is a 4096 word by 8 bit erasable and electrically

programmable ROM. This device is packaged in a 24-pin, dual-in-line
. X " HN 462532
package with transparent lid. The transparent lid allows the user to
expose the chip to ultraviolet light to erase the bit pattern, whereby
a new pattern can then be written into the device.
B FEATURES
o Single Power Supply ...... +5V 5%
® Simple Programming ..... Program Voltage: +25V D.C.
Program with One 50ms Pulse
® Static ................. No Clocks Required
o Inputs and Outputs TTL Compatible During Both Read and (DC-24C)
Program Modes
@ Fully Decoded On-Chip Address Decode HN e
® AccessTime ............ 450ns (max.) HN462532/G
390ns (max.) HN462532G-2
® Low Power Dissipation .... 858mW (max) Active Power
201mW (max) Standby Power
® Three Stste Output ....... OR-Tie Capability
® Compatible with TMS2532
HEBLOCK DIAGRAM
0y ~02
TN
& o— i & Outpu EPIN ARRANGEMENT
Buffers . r‘_-r-——v——-h )
A7 l; ﬁl oo
7
E Y : Y Gating A E E "
o— Decoder ° As E E Ay
o < as [21] vir
Ao~ An < o— . m[s 20] CE
o—l X 32768 bit
o] Decoder EPROM Matrix » 4] 5] A
b ~ [ mp
o— ° Ao E E O
] ) o [3] ) o
O E E Os
0: 11 [14] o
B MODE SELECTION oo iz 3] 0s
Pins CE Ver Vee Outputs .
Mode (20) (21) (2¢) | (9t011,13t017) (Top View)
Read Vio +5 +5 Dout
Stand by Viu +5 +5 High Z
Program Pulsed Vinto Vi +25 +5 Din
Program Inhibit Vin +25 +5 High Z
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M ABSOLUTE MAXIMUM RATINGS

HN462532, HN462532G, HN462532G-2

Item Symbol Value Unit
All Input and Output Voltages®* Vr —0.3 to +7 \'
Ver Voltage* Vep —0.3 to +28 v
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperature Range Tue —65 to +125 ‘C
#* With respect to GND.
I READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver=Vcc10.6V)
Parameter Symbol Test Condition min typ . max Unit
Input Leakage Current Iu Via=5.25V - - 10 MA
Output Leakage Current Io Vour =5.25V /0.4V - - 10 HA
Ve Current Iep1 Ver=5.85V - - i2 mA
Vec Current (Standby) I CE=Vix — — 25 mA
Vec Current (Active) Icca CE=Vi. - - 150 mA
Input Low Voltage Vio —0.1 - 0.8 v
Input High Voltage Viu 2.0 - Vec+1 \"
Output Low Voltage Voo Too=2.1mA - - 0.4 v
Output High Voltage Vou Toy=—400 A 2.4 - — \'
Note : Vec must be applied simultaneously or before Ver and removed simultaneously or after Vee.
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Vep=Vcc10.6V)
. HN462532G -2 HN462532/G
Parameter Symbol Test Condition - - Unit
min typ max min typ max
Address to Output Delay tace CE=V. - - 390 - - 450 ns
CE to Output Delay tce - - 390 - - 450 ns
CE High to Output Float* tor 0 - 100 0 - 100 ns
Address to Output Hold ton CE=Vu. 0 - - 0 - - ns
* : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: <20 ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V,
Outputs; 0.8V and 2V
—
Address gL
CE
Standby Mode \ Active Mode Standby Mode
kE
Data Out
©® CAPACITANCE (Ta=25C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cia Via=0V - - 6 pF
Output Capacitance Cout Veur =0V - - 12 pF
G HITACHI 21



HN462532, HN462532G, HN462532G-2

Il PROGRAMMING OPERATION
®DC PROGRAMMING CHARACTERISTICS (Ta=25°C£5°C, Vec=5V £5%, Ver=25V£1V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iy Via=5.25V/0.4V - - 10 #A
Vee Supply Current During Programmin, Ipp2 CE=V. - - 30 mA
Vee Supply Current Icc - - 150 mA
Input Low Level Vie -0.1 - 0.8 \
Input High Level Vin 2.0 - Vec+1 \'

® AC PROGRAMMING CHARACTERISTICS (Ta=25°C £5°C, Vec=5V 5%, Ver=25VE1V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - s
Data Setup Time tos 2 - - #s
Address Hold Time tan 2 - - HUs
Data Hold Time ton 2 - - us
Setup Time from Ver tvees 0 - - ns
Program Pulse Hold Time trry 0 — - ns
Vep Hold Time tvepn 0 - - ns
Program Pulse Width tw 45 50 55 ms
Program Pulse Time tert 5 — - ns
Program Pulse Time terr 5 — - ns

Note : Vec must be applied simultaneously or before Ve and removed simultaneously or after Ver.

® SWITCHING CHARACTERISTICS
Test Conditions

Input Pulse Level: 0.8V to 2.2V

Input Rise and Fall Times: <20ns

Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V,

Outputs; 0.8V and 2V

Address { X
ta————
Hi-Z
Data Data Out >——'—< Data In 1 @_"
o ton=
: et trRT
_ i ; . IcE
CE tpw -~
S

PPH
r_— tvpps——1 .—.1
LPRH

® ERASE

Erasure of HN462532 is performed by exposure to ultra-
violet light with a wavelength of 256374, and all the output
data are changed to *'1"’ after this erasure procedure.

The minimum integrated close (i.e., UV intensity x expo-
sure time) for erasure is 15W « sec/cm?.
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HN462532, HN462532G, HN462532G-2

ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE
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HN462532GL

4096-word X 8-bit U. V. Erasable and Programmable Read Only Memory

The HN462532GL is a 4096 word by 8 bit erasable and electrically
programmable ROM. This device is packaged in a 24-pin, dual-in-line
package with transparent lid. The transparent lid allows the user to
expose the chip to ultraviolet light to erase the bit pattern, whereby
a new pattern can then be written into the device.

B FEATURES

® Single. Power Supply ...... +5V +5%

® Simple Programming . ..... Program Voltage: +25V D.C.
Program with One 50ms Pulse

® StatiC ........000vnnnn No Clocks Required

® [nputs and Outputs TTL Compatible During Both Read and
Program Modes

® Fully Decoded On-Chip Address Decode

® AccessTime ............ 450ns (max)

® Low Power Dissipation .... 543mW (max) Active Power
201mW (max) Standby Power

® Three State Output ....... OR-Tie Capability

® Compatible with TMS25L32

HBLOCK DIAGRAM

g~
N\

TI1ITI0Y
—_ Powerdown &
CE ©— Prog, Logic QOutput
Buffers
- <
o— Y ° Y Gating
°__° Decoder o
O—o O
)
Ao~ An 4 o0— PY
o0— X 32768 bit
o—ri{ Decoder EPROM Matrix
o0—
o— °
O—r L ]
.
BMODE SELECTION
Pins CE Ver Vee Outputs
Mode (20) (21) (24) (9to 11,13 to 17)
Read Viu +5 +5 Dout
Stand-by Viu +5 +5 High Z
Program Pulsed Vix to ViL +25 +5 Din
Program Inhibit Viu +25 +5 High Z
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HN462532GL

W ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
All Input and Output Voltage Vr —0.3 to +7 v
Vep Voltage* Ver —0.3 to +28 v
Operating Temperature Range Topr 0to +70 C
Storage Temperature Range Ty —65 to +125 °C
#* With respect to GND.
Il READ OPERATION
©DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Vep=Vcct0.6V)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Via=5.25V - - 10 KA
Output Leakage Current Io Ve =5.25V/0.4V - - 10 KA
Ver Current Iepy Ver=5.85V - - 12 mA
Vec Current (Standby) Icca CE=Vu - — 25 mA
Vee Current (Active) Icc: CE=Vu - - 95 mA
Input Low Voltage Vie —0.1 - 0.8 v
Input High Voltage Viu 2.0 - Vee+1 \4
Output Low Voltage Vo To.=2.1mA - - 0.4 \%
Output High Voltage Von Ton=—400 #A 2.4 - - \
Note . Vcc must be applied simultaneously or before Vir and removed simultaneously or after Ver.
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Vep=Vcc£0.6V)
Parameter Symbol Test Condition min typ max Unit
Address to Output Delay tacc CE=V. - - 450 ns
CE to Output Delay tce - - 450 ns
CE High to Output Float* tor 0 - 100 ns
Address to Output Hold ton CE=Vi. 0 — - ns
* tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V,
Outputs; 0.8V and 2V
'
Address
k
CE
Standby Mode \ Active Mode Standby Mode
ke
Data Out
® CAPACITANCE (Ta=25°C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin V=0V - - 6 pF
Output Capacitance Cou Vou =0V - - 12 pF
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HN462532GL

Il PROGRAMMING OPERATION
® DC PROGRAMMING CHARACTERISTICS (Ta=25°C£5°C, Vec=5V+5%, Vep=25V+1V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Via=5.25V /0.4V - - 10 #A
Ve Supply Current During Programming Ipp2 CE=Vi. - - 30 mA
Vec Supply Current Icc - - 95 mA
Input Low Level ViL —-0.1 - 0.8 v
Input High Level Viu 2.0 - Vee+1 \
® AC PROGRAMMING CHARACTERISTICS (Ta=25'C+5°C, Vece=5V+5%, Vep=25V+1V)
Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - Us
Data Setup Time tos 2 — - Hs
Address Hold Time tan 2 - - HUs
Data Hold Time ton 2 - - Hs
Setup Time from Ve tveps 0 - - ns
Program Pulse Hold Time tery 0 - - ns
Ver Hold Time tvepa 0 - - ns
Program Pulse Width tew 45 50 55 ms
Program Pulse Time tert 5 - - ns
Program Pulse Time terr 5 - - ns

Note : Voc must be applied simultaneously or before Ver and removed simultaneously or after Vee.

® SWITCHING CHARACTERISTICS

Test Conditions
Input Pulse Level:
Input Rise and Fall Times:
Output Load:

Reference Level for Measuring Timing:

0.8V to 2.2V

< 20ns

1TTL Gate + 100pF
Inputs; 1V and 2V,
Outputs; 0.8V and 2V

Address

X

Data

Data Out

Data In

Data Out >“—

tPFT tPRT

©® ERASE

bt

Erasure of HN462532 is performed by exposure to ultra-
violet light with a wavelength of 25374, and all the output
data are changed to ’1"’ after this erasure procedure.

The minimum integrated close (i.e., UV intensity x expo-
sure time) for erasure is 16W « sec/cm?.
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HN462732,HN462732G,;

HN462732G-2

4096-word X 8-bit U.V. Erasable and Programmable Read Only Memory

The HN462732 is a 4096 word by 8 bit erasable and electrically
programmable ROM. This device is packaged in a 24-pin, dual-in-line
package with transparent lid. The transparent lid allows the user to
expose the chip to ultraviolet light to erase the bit pattern, whereby
a new pattern can then be written into the device.

B FEATURES

® Single Power Supply ...... +5V 5%

® Simple Programming . ..... Program Voitage: +25V D.C.
Program with One 50ms Pulse

® Static.................. NoClocks Required

® Inputs and Outputs TTL Compatible During Both Read and
Program Modes
® Fully Decoded On-Chip Address Decode

® AccessTime ............ 450ns (max) HN462732/G
390ns (max) HN462732G-2
® Low Power Dissipation .... 150mA (max) Active Currents
30mA (max) Standby Current
® Three State Output ....... OR-Tie-Capability

® Compatible with INTEL 2732

M BLOCK DIAGRAM

HN 462732

(DC-24C)

HN462732G
HN462732G -2

(DG-24B)

AN
OE/ Ve 0— Powerdown &
CE o— Prog, Logic Output
Buffers
o .
o— Y ° Y Gating
pd Decoder °
o— O
Ao~ An § o— :
O— X 32768 bit
° Decoder EPROM Matrix
o—
°o— .
o— o
.
B MODE SELECTION
Pins CE 6]_5‘/ Vep Vee Outputs
Mode (18) (20) (24) (9~11, 13~17)
Read Vie \ +5 Dout
Stand by Viu Don’t Care +5 High Z
Program ViL Ver +5 Din
Program Verify \ Vie +5 Dout
Program Inhibit Vin Ver +5 High Z

® HITACHI

M PIN ARRANGEMENT

0 Y

a[n Ve
A 2] 23] An
a3 22] As
a4 % An
a [5] 20] OF/ Ver
NG ]
NG mee
Ao [¥] 7] o
0o [9] [16] 04
o [10] [15] 0s
0z [1] [14] o

N [i2] [13] 05

(Top View)
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HN462732, HN462732G, HN462732G-2

H ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0to +70 ‘C
Storage Temperature Rangé Tos —65 to +125 ’C
All Input and Output Voltage* Vr —0.3 to +7 \
Vep Voltage* OE /Ver —0.3 to +28 \
* With respect to GND
Il READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Vep=Vec£0.6V)
Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current (Except OE /Ver) I Vin=5.25V - - 10 rA
OE /Ver Input Leakage Current Iz Vin=5.25V - - 10 KA
Output Leakage Current Iio Vou =5.25V - - 10 KA
Vce Current (Standby) Icc: CE=Vis, OE=Vi, - - 30 mA
Vcc Current (Active) Icc: OE=CE=Vu. — - 150 mA
Input Low Voltage Vi —0.1 - 0.8 v
Input High Voltage Vin 2.0 - Vec+1 v
Output Low Voltage Voo Io,=2.1mA - — 0.45 v
Output High Voltage Vou Ton=—400 2A 2.4 - - v
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver=Vcc10.6V)
2G-2 H 732/G
Parameter Symbol Test Condition .HN‘6273 - N462732/ Unit
min. | typ. | max.| min. | typ. | max.
Address to Output Delay tacc CE=OE=Vi. - — 1390 | — — | 450 | ns
CE to Output Delay tce OE=Vi. - - 390 - - 450 | ns
Output Enable to Output Delay tor CE=V. - — | 120 — — | 120 | ns
Output Enable High to Output Float* tor CE=V. 0 - 100 0 - 100 | ns
Address to Output Hold tow CE=OE=V. 0 - - 0 - — | ns
* tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs 1V and 2V
Outputs 0.8V and 2V
Address X X
CE /
Standby Mode Active Mode Standby Mode
teg————e
—_— v
OF /
tor —e=d -
tacc tor
Y/ ""'—’5
Data Out Data Out Valid
’ ANNNN F
® CAPACITANCE (Ta=25C, f=1MHz)
Parameter Symbol Test Condition min. typ. max. Unit
Input Capacitance (Except OE/Vee) Gm Vin=0V - - 6 pF
OE /Ver Input Capacitance Gn Vin=0V - - 20 pF
Output Capacitance Gt Vou =0V - - 12 pF

218

O HITACHI



l PROGRAMMING OPERATION

©DC PROGRAMMING CHARACTERISTICS (Vec=5V+5%, Vep=25V+1V, Ta=25°C £5°C)

HN462732, HN462732G, HN462732G-2

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Iu Vin=5.25V/0.4V - - 10 rA
Output Low Voltage During Verify Vo Ior=2.1mA - - 0.4 v
Output High Voltage During Verify Vou Ton=—400£A 2.4 - - v
Vec Supply Current Icc - - 150 mA
Input Low Level Vio —0.1 - 0.8 \
Input High Level (All Input Except OE /Vep) Vin 2.0 - Veet+1 \
Vep Supply Current Ier CE=Vi,OE = Ver - - 30 mA
® AC PROGRAMMING CHARACTERISTICS (Vec=5V 5%, Vep=25VE1V, Ta=25C+5°C)
Parameter Symbol Test Condition min. typ. max. Unit
Address Setup Time tas 2 - - Hs
OE Setup Time toes 2 - - HUs
Data Setup Time tos 2 - - Hs
Address Hold Time tan 0 - - Hs
OE Hold Time toew 2 - - Hs
Data Hold Time ton 2 — - Hs
Chip Enable to Output Float Delay* tor 0 - 120 ns
Data Valid from CE tov CE=Vi,,OE=Vu. — — 1 Hs
CE Pulse Width During Programming tew 45 50 55 ms
OE Pulse Rise Time During Programming terr 50 - - ns
Ver Recovery Time tva 2 - - #s
* tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Times: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V,
Outputs; 0.8V and 2V
Program Program Verify
s
Address )k Address N x ﬁd:::ss
p— las:
<‘ Data In Stabl > Data Out Valid
put (A:ddress N‘] ) (Address N)
——
tps —e=] —=! ton o — tov [ —e tor
— tan =]
OE
LOES o= ™ f=toEn |—— tve
tPRt
& N/ A N
® ERASE
Erasure of HN462732 is performed by exposure to Ultra-
violet light of 25637A, and all the output data are changed
to 1’ after this prosedure.
The minimum integrated close (i.e., UV intensity x expo-
sure time) for erasure is 156W - sec/cm?.
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HN462732, HN462732G, HN462732G-2

SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE
100, 100
- ey \
" ~J
o >k/E‘ s \\ Iccz
80 \’\
ia i
4 40
20 I 20 — Icct
T
i 0 20 40 60 80
Vee (V) Ta (C)
ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE
1,000 1,000
800 801
400 N .
L ——1T
‘\'\\ f—
200 200
0
3 ¢ ’ 0 2 10 50 0
Vee (V) Ta (C)
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HNA482732AG Series Under Development —

4096-word X 8-bit U. V. Erasable and Programmable Read Only Memory
The HN482732A is a 4096-word by 8-bit erasable and electrically

programmable ROM. This device is packaged in a 24 pin dual-in-line
package with transparent lid.
The transparent lid on the package allow the memory content to be
erased with ultraviolet light.

B FEATURES
® Single Power Supply ...... +5V 5%
® Simple Programming...... Program Voltage: +21V D.C
Program with one 50ms Puise
® Static.........oinueunnn No clocks Required
® Inputs and Outputs TTL Compatible During Both Read and (DG-24B)
Program Mode
® Access Time ............ HN482732AG-20  200ns (max) B PIN ARRANGEMENT
HN482732AG-25  250ns (max) U,
HN482732AG-30  300ns (max) w1 2] vee
® Absolute Max. Rating of Vpp Pin ... 28V a2 23] A
® Low Stand-by Current ........... 35mA (max) s [3] [22] A
® Compatible with Intel 2732A ad] [21] An
As E EGE/VPP
HBLOCK DIAGRAM A [6] [19] 1o
e~ 7] 18] cE
s N \ 0 [¥] 7] o
TITITIIT [ oy
OE/Ver 0— Powerdown & [ E E 0s
CE o— Prog, Logic :::::s 0: 1] [14] o,
n [1z] 3] 0s
E Y : Y Gating (Top View)
o— Decoder °
o— 0
Ao~ An { 0—— :
o— X 32768 bit
: Decoder EPROM Matrix
o—q
o— [ ]
Oo— °
[ ]

@ HITACHI 221



HN482764,HN482764-3

HN482764G,HN482764G-3 Preimnary

8192-word X 8-bit U. V. Erasable and Programmable Read

The HN482764 is a 8192 word by 8 bit erasable and electrically
programmable ROM. This device is packaged in a 28 pin dual-in-line
package with transparent lid. The transparent lid on the package
allows the memory content to be erased with ultraviolet light.

B FEATURES
® Single Power Supply
® Simple Programming

® Static

+5V £ 5%
Program Voltage: +21V D.C.

Program with one 50ms Pulse

No Clocks Required

® Inputs and Outputs TTL Compatible During Both Read and

Program Mode.

® Access Time.............

HN482764/G

250ns max

HN482764/G-3 300ns max

® Absolute Max. Rating of Vpp pin ... 28V
® Low Stand-by Current............ 35mA max.
® Compatible with Intel 2764
HEBLOCK DIAGRAM
Go~07
PCM  0— Power Down
_— Output
O_E Prog. Logic
CE Buffers
(e
O—ri Y-Decoder Y-Gating
O—
o—
o—
Ao 0 .
| o— 65536 bit
o X-Decoder
Az ) o Memory Matrix
o—
N
B MODE SELECTION
Pins | CTE OE | PGM Vep Vee Outputs
Mode (20) | (22) | (27) | (1) | (28) | (11~13, 15~19)
Read Viu Vi Viu Vee Vec Dout
Stand-by Vi X X Vee Vee High Z
Program Vi X Vi Ver Ve Din
Program Verify Vio Viu Vin Vep Vee Dout
Program Inhibit Vi X X Ver Vee High Z
X :don't care
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperg&uﬁe Range Tots —65 to +125 C
All Input and Output Voltage* Vr —0.3 to +7 A
Ver Voltage Ver —0.3 to +28 v

*  with respect to GND
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Only Memory

HN482764, HN482764-3

(DC-28B)
HN482764G, HN482764G-3

(DG-28)

HPIN ARRANGMENT

Vrr Vee
AnlZ 127) BeM

[26] NC
25] As
EA;
EAU
l22] OF
EA]«
7] CE
E()r
18] O
EO;
EOA
EO:

(Top View)

Note)

The specifications of this device are
subject to change without notice.
Please contact your nearest Hitachi’s
Sales Dept. regarding specifications.



H READ OPERATION

©DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V 5%, Vep=Vec10.6V)

HN482764, HN482764-3, HN482764G, HN482764G-3

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu | Vec=5.25V, Vi, =5.25V - - 10 HA
Output Leakage Current Iio Vee=5.25V, Vo =5.25V /0.4V — - 10 £A
Vee Current Ipps Vep=Vcc+0.6V - - 15 mA
Vec Current (Standby) Iccy CE=Viy - — 35 mA
Vce Current (Active) Icc. CE=OE=Vu - 100 150 mA
Input Low Voltage Vie —0.1 - 0.8 v
Input High Voltage Vin 2.0 - Vee+1 \%
Output Low Voltage Vo Ior=2.1mA - - 0.45 A\
Output High Voltage Von Ton=—400 A 2.4 - - \
® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V£5%, Vep=Vcc£0.6V)
HN 482764 HN482764 /G-
Parameter Symbol Test Condition - /G - 82764/G-3 Unit
min max min max
Address to Output Delay tacc CE=OE=Vi. - 250 - 300 ns
CE to Output Delay tce OE =Vi. — | 250 - 300 ns
OE to Output Delay toe CE=Vi. 10 | 100 10 150 ns
OE High to Output Float tor CE=V. 0 90 0 130 ns
Address to Output Hold ton CE=OE=Vi. 0 — - ns
Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
® SWITCHING CHARACTERISTICS
Test Condition
Input Pulise Levels: 0.8V to 2.2V
Input Rise and Fall Time: < 20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V
Output; 0.8V and 2.0V
Y Y
Address X X
A
CE
Standby Mode Active Mode / Standby Mode
7
tce
OE /
L
tog toF
T
tacc | ton _
Data Out ////j\ Data Out Valid /-
AN 2
©® CAPACITANCE (Ta=25C, f=1MHz)
Parameter Symbol Test Condition min typ max Unit
Input Capacitance Cin Via=0V - 4 6 pF
Output Capacitance Cout Vou =0V - 8 12 pF
O HITACHI 223



HN482764, HN482764-3
HN482764G, HN482764G-3

Il PROGRAMMING OPERATION
© DC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=5V £5%, Ver=21V+0.5V)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Vin =5.25V - — 10 LA
Output Low Voltage During Verify Voo Tor=2.1mA - - 0.45 \
Output High Voltage During Verify Vo Ton=—400 #A 2.4 - - A
Vce Current (Active) Icc: — - 150 mA
Input Low Level Vi —-0.1 - 0.8 \
Input High Level Viu 2.0 - Vee+1 A
Vep Supply Current Iep CE=PGM =V, - - 30 mA

® AC PROGRAMMING CHARACTERISTICS (Ta=25C+5C, Vec=5V+5%, Ver=21V10.5V)

Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - — HUs
OE Setup Time tors 2 - - Vs
Data Setup Time tos 2 - - Hs
Address Hold Time tan 0 - - Hs
Data Hold Time ton 2 - - Hs
OE to Output Float Delay tor 0 - 130 ns
Ver Setup Time tvs 2 - - Hs
PGM Puise Width During Programming tew 45 50 55 ms
CE Setup Time tces 2 - - s
Data Valid from OE tor - - 150 ns

Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Time: <20ns
Reference Level for Measuring Timing: Input; 1V and 2V

Output; 0.8V and 2V

Program Program
Verify
Address xl K
x
ths tan ||
s
Data Data | InSuble [y 1 Duie Ot
—
los lor |
4
Vep
Ver
Vee tvs
CE
tces
J— 4
PGM
m 'ﬂﬂ o
—
OE N i

M ERASE

Erasure of HN482764 is performed by exposure to Ultra-
violet light of 25374, and all the output data are changed
to 1" after this erasure procedure. The minimum inte-

grated dose (i.e. UV intensity x exposure time) for erasure
is 15W + sec/cm?
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HN482764-4,HN482764G-4

8192-word X 8-bit U.V. Erasable and Programmable Read Only Memory
The HN482764 is a 8192 word by 8 bit erasable and electrically
programmable ROM. This device is packaged in a 28 pin dual-in-line
package with transparent lid. The transparent lid on the package
allows the memory content to be erased with ultraviolet light.

HN482764-4

B FEATURES
® Single Power Supply ..... +5V +5%
® Simple Programming...... Program Voltage: +21V D.C.
Program with one 50ms Pulse
® Static ................. No Clocks Required
@ Inputs and Outputs TTL Compatible During Both Read and (DC-28B)
Program Mode
® Access Time............. 450ns max. HN482764G -4
® Absolute Max. Rating of Vpp Pin ... 28V
® Low Stand-by Current............ 35mA max.
® Compatible with Intel 2764

EBLOCK DIAGRAM

PPITYryl

Pﬂd O— Power Down Output
(_)_E_ o— Prog. Logic
CE O— Buffers (DG-28)
/E Y-Decoder Y-Gating . PIN ARRANGEM ENT
O—
o— Vep E 28] vee
t AuE PCM
Al“ o— 65536 bit A’E NC
Auz g: X-Decoder Megory Matrix A‘E E A
: As[5] 24] As
H A« E E An
N a[7] 22) OF
Az E E A
BMMODE SELECTION M ] CE
Ao @ E (]
Pins | CE OE PGM Vep Vee Outputs 0o E E 0Os
Mode (20) | (22) | (27) | (1) | (28) | (11~13, 15~19) NE 7 0s
Read ViL ViL Vin Vee Vee Dout o5 ) 0
Stand by Vin X X Vee Vee High Z GNDE E°’
Program ViL X ViL Ver Vee Din
Program Verify Vio Viu Vin Ver Vee Dout (Top View)
Program Inhibit Vin X X Vep Vee High Z
X : Don't care
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 C
Storage Temperature Range Tus —65 to +125 C
All Input and Output Voltage®* Vr —0.3 to +7 \
Ver Voltage Ver —0.3 to +28 \

*  With respect to GND
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HN482764-4,HN482764G-4

Il READ OPERATION
o DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V +5%, Vep=Vcc10.6V)

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current I Vee=5.25V, Vi, =5.25V - - 10 HA
Output Leakage Current I, Vee=5.25V, Vot =5.25V/0.4V - - 10 HA
Ver Current Iep Ver=Vec+0.6V - - 15 mA
Vce Current (Standby) Iech CE=V - - 35 mA
Vce Current (Active) Icc: CE=OE=Vi. — 100 150 mA
Input Low Voltage Vio —0.1 - 0.8 \
Input High Voltage Viu 2.0 - Vec+1 v
Output Low Voltage Vo. Too=2.1mA - - 0.45 \
Output High Voltage Vou Ton=—400 A 2.4 - - \

® AC CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Ver=Vcc+0.6V)

Parameter Symbol Test Condition min. max. Unit
Address to Output Delay tace CE=0OE =Vi. — 450 ns
CE to Output Delay tce OE=Vi. - 450 ns
OE to Output Delay tor CE=Vi. 10 150 ns
OE High to Output Float tor CE=V. 0 130 ns
Address to Output Hold ton CE=OE=Vu. 0 — ns

Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

® SWITCHING CHARACTERISTICS
Test Condition

Input Pulse Levels: 0.8V to 2.2V

Input Rise and Fall Time: < 20ns

Output Load: 1TTL Gate +100pF
Reference Level for Measuring Timing: Inputs; 1V and 2V

Output; 0.8V and 2.0V

¥ —

Address
A

CE —_—
Standby Mode Active Mode / Standby Mode

7]
ice
OE /
I
| toE tor
tacc tow
4 p
Data Out <\</< Data Out Valid \-
K. 2

© CAPACITANCE (Ta=25°C, f=1MHz)

Parameter Symbol Test Condition min. typ. max. Unit
Input Capacitance B C. Via =0V — 4 6 pF
Output Capacitance Cout Vou =0V - 8 12 pF
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Il PROGRAMMING OPERATION

HN482764-4, HN482764G-4

® DC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vec=5V £5%, Ver=21V+0.5V

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Tu Via=5.25V it - 10 rA
Output Low Voltage During Verify Vo To.=2.1mA - - 0.45 v
Output High Voltage During Verify Vou Tov=—400pA 2.4 - - \"
Vec Current (Active) Icc: - - 150 mA
Input Low Level Vie —0.1 - 0.8 \'
Input High Level Viu 2.0 — Vee+1 \'
Vep Supply Current Iep CE=PGM =Vi. — - 30 mA
® AC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=5V+5%, Ver=21V£0.5V)
Parameter Symbol Test Condition min typ. max. Unit
Address Setup Time tas 2 — — ps
OE Setup Time toes 2 - — #®s
Data Setup Time tos 2 — — ps
Address Hold Time tan 0 — - us
Data Hold Time ton 2 - — us
OE to Output Float Delay toF 0 — 130 ns
Ver Setup Time tvs 2 - — us
PGM Pulse width During Programming tew 45 50 55 ms
CE Setup Time tces 2 — — “ns
Data Valid from OE toe EX - 150 ns
Note : tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
©® SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Level: 0.8V to 2.2V
Input Rise and Fall Time: < 20ns
Reference Level for Measuring Time: Input; 1V and 2V
Output; 0.8V and 2V
N Program Program
Verify
Address ><
tas tAH
Data _{ Data | In Stable ,}——-——-—( Data Out
tos | toF ]
toH,
Vep
Vep
Vee tvs
CE
tCES
J— ! y
PGM
tOES. toE
AT S
OF N
N
@ ERASE
Erasure of HN482764 is performed by exposure to Ultra-
violet light of 25637A, and all the output data are changed
to 1" after this erasure procedure. The minimum inte-
grated dose (i.e. UV intensity x exposure time) for erasure
is 16W - sec/cm?.
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HN480O16P

2048-word X 8-bit Electrically Erasable and Programmable ROM

This device operates from a single power supply and features fast
single address location programming. All the words are erased by one
TTL level pulse. Erasing the bit pattern and programming new
pattern can be made within 42 seconds.

B FEATURES
o Single Power Supply ......
e Simple Programming......

+5V 5%
Program voltage: +25V D.C.
Program with one 20ms pulse.

Preliminary —

e Electrically Erasing ....... Erase Voltage: +25V D.C.
Erase all words with one 200ms pulse.
e FullyStatic............. No clocks required. (P20
e Inputs and Outputs TTL compative during read, program and
erase mode. _ B PIN. ARRANGEMENT
e FullyDecoded .......... On-Chip Address Decode.
e AccessTime ............ 350ns Max. » [ </ 71) vee
e Low Power Dissipation .... 300mW Max. x 7] 7]
e Three State Output....... OR-Tie Capability N E Z] N
o Pin-out Compatible with Intel 2716. —
i g
W BLOCK DIAGRAM oo a5 0] TS
A E E Ao
TTTTTTTT A|E EPGM
TS —
PGM ES P";g' f& ho E Zl &
as LOgIC u N
Vo rase log Output Buffer. O"E E Os
O E 15| 0s
_
o [ 0 |1 14) Os
O Y Decoder : Y Gating E
o— GND |12 13]| 03
Ao~ Aw < : (Top View)
0 16381 bit
X Decoder L4
° . EEPROM Matrix
L ]
L]
o—
Il MODE SELECTION
Pins PGM CS Vee Vee Outputs
Mode (18) (20) (21) (24) (8~11,13~17)
Read Vie Vio +5 +5 Dout
Deselect Don’t Care Vi +5 +5 High Z
Program Pulsed Visto Vin Viu +25 +5 Din
Program Verify ViL Vie +25 +5 Dout
Program Inhibit ViL Viu +25 +5 High Z
Erase Pulsed Vi to Vin Vio +25 +5 High Z

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi's Sales Dept. regarding specifications.
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B ABSOLUTE MAXIMUM RATINGS

HN48016P

Item Symbol Rating Unit
All Input and Output Voltage Viny Vour o —0.3 to Vec +0.3 or Ver +0.3 A
Vee Voltage Vee —0.3 to +7.0 \'
Ver Voltage Ver —0.3 to +28 \'s
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperature Range Tute —65 to +125 ‘C
Il READ OPERATION
®DC AND OPERATING CHARACTERISTICS (Vec=5V +5%, Vep=Vec+0.6V* Te=0 to +70°C)
Parameter Symbol Test Condition min typ max Unit
Input Leakage Current I Vixn=5.25V - - 10 #A
Output Leakage Current Io Vour=5.25V - - 10 rA
Vee Current Iccy CS=Viu/ViL - 32 50 mA
Vep Current Ipp1 Vep=5.85V - 4 7 mA
Inout Volt. ViL —0.1 - 0.8 \4
e
nput Voltag Vin 2.0 — — v
Outont Volt Vor Io.=1.6mA - - 0.4 \'
utpu e
put Tollo Vor | Jon——100 A 2.4 - - v
* The tolerance of 0.6V allows the use of a driver circuit for switching the Ve supply pin from Vcc in read to 25V for programming.
® AC CHARACTERISTICS (Vec=5V 5%, Vep=Vcc£0.6V, Ta=0 to +70°C)
Parameter Symbol Test Condition min typ max Urit
Address to Output Delay tacc PGM=CS=V.. - 200 350 ns
Chip Select to Output Delay lco PGM =V, - 70 150 ns
Chip Deselect to Output Float tor 0 40 100 ns
Address to Output Hold ton PGM =CS =V, 10 - — ns
® TEST CONDITION
Input pulse levels: 0.8V to 2.0V
Input rise and fall time: < 20ns
Output load: 1TTL Gate + 100 pF
Reference level for Measuring Timing: Inputs 1V and 1.8V
Outputs 0.8V and 2.0V
X X
Address
bo— ton
S
©® CAPACITANCE ( Ta=25C, f=1MHz)
Parameter Symbol Test Condition typ max Unit
Input Capacitance Cin Via=0V — 7.5 pF
Output Capacitance Cout Vour =0V - 15 pF
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HN48016P

Il PROGRAM OPERATION

o DC PROGRAMMING CHARACTERISTICS (Vec=5V£5%, Ver=25V£1V, Ta=0 to +70TC)

Parameter Symbol Test Condition min typ max Unit
Input Leakage Current Iu Vin=5.25V - - 10 #A
Vee Supply Current Icc: - 32 50 mA
Ver Supply Current Ipp2 - 10 20 mA
Vi —0.1 - 0.8 v
Input Voltage Vin 2.0 — — v
® AC PROGRAMMING CHARACTERISTICS (Vec=5V 5%, Vep=25VE1V, Ta=0 to +70T)
Parameter Symbol Test Condition min typ max Unit
Address Setup Time tas 2 - - #s
CS Setup Time tess 2 — — us
Data Setup Time tos 2 - - Hs
Address Hold Time tan 2* - - Hs
CS Hold Time tesn 7 - - Hs
Data Hold Time ton 2 - — #s
Chip Deselect to Output Float Delay tor 0 40 100 ns
Chip Select to Output Delay tco - 70 150 ns
Program Pulse Width trw 15 20 25 ms
Program Pulse Rise Time terT 5 - - ns
Program Pulse Fall Time terr 5 - - ns
Ver Setup Time trs 10 - - HS
Ver Hold Time ten 10 - - Hus
CS to Program Mode T ime tvs 10 - - Hs
Ver Read Mode Time tvi 10 — — us

% If the mode changes from program mode to program verify mode sequentially (in the same address), tas must be larger than tcsy + tco.

® TEST CONDITION
Test Condition
Input pulse levels:
Input rise and fall time:

Reference level for Measuring Timing:

0.8V to 2.0V

20ns (10% to 90%)
Input; 1V and 1.8V
Output: 0.8V and 2.0V

Program
Read Program Verify Read
|
Address Address
Address x X ) Valid Valid X X x
tas [77]
HOKHEHE -
Data in out
Stable alid
tos ton| tco tDF
- -I--
tess| 1t Jeesn tesn
PGM
|
- —
tPRT  tPFT
Vee
r__“s tPs ten tve
+25V
Vep
+5V
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H ERASE OPERATION
®DC ERASING CHARACTERISTICS (Vec=5V+5%, Ver=25V£1V, Ta= 0 to +70T)

HN48016P

Parameter Symbol Test Condition min. typ. max Unit
Input Leakage Current Iu Vin=5.25V - — 10 ~A
Vcc Supply Current Iccs - 32 50 mA
Vep Supply Current Ipps — 10 20 mA
Input Volt \ —0.1 - 0.8 v
nput Toltage Vin 2.0 - - A
® AC ERASING CHARACTERISTICS (Vcc=5V+5%, Vpr=25V+1V, Ta= 0 to +70TC)
Parameter Symbol Test Condition min. typ. max Unit
CS Setup Time tecss 2 — — us
PGM to Output Delay teo 2 - — mns
Erase Pulse Width tew 190 200 210 ms
Erase Pulse Rise Time tERT 5 - - ns
Erase Pulse Fall Time teFr 5 - — ns
Ver Setup Time tes 10 - - Hs
Ver Hold Time ten 10 — - us
Erase Program Time tgp tep 10 — — Hs
Program Enase Time tp; tre 10 — — Hus
® TEST CONDITION
Test Condition
Input pulse levels: 0.8V to 2.0V
Input rise and fall time: 20ns (10% to 90%)
Reference level for Measuring Timing: Input; 1V and 1.8V
Output; 0.8V and 2.0V
Erase Verify ®Erasing—Programming—Erasing
Read Erase or Read all “1”
Erase Program Erase
Address m Don't Care X:EX: Address Don’t Care X &fﬁ;’“ X Gddf“’ X Don’t Care
. Vou
o DHOHOHO- w — e e ED—
& ANAN A s Y ]
tecss tew £ \ tEp /_\ /_\ tPE
PGM \
PGM L _/
| _‘ | LEFT
Vep +25V.
LES LEH.
+25V -————
L \

O HITACHI
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HM2105

256-word X 1-bit Fully Decoded Random Access Memory
The HM2105 is a 256-word x 1-bit read/write random access

memory developed for application to buffer memory, control

memory, etc.
e Level

Address access Time
Power Consumption

H TRUTH TABLE

... 10K ECL compatible

..........................
.......................
--------------

..........

....................

Output obtainable by Wired-OR (open emitter)

12ns (max)
35ns (max)
1.8mW/bit (typ)

Input
— — Output Mode (DG-16)
CS WE Din
any one H x X Not Selected BWPIN ARRANGEMENT
all L L L Write “0”
" wqm ]
all L L H Write “1 A E olvec
o C
all L H X Dout * Read
X :Don't care A:E 15| Dout
* [ Read out - inverted
ead out non-:inver A'E l‘ “L
W BLOCK DIAGRAM ‘*E 13]Din

e |38
. ¥

AAs A

H ABSOLUTE MAXIMUM RATINGS

(Top View)

Item Symbol Value Unit
Supply Voltage Veeto Ved  +0.5 to —7.0 A
Input Voltage Vi +0.5 to Vee A
Output Current Tow —30 mA
Storage Temperature Tous —65 to +150 ‘C
Storage Temperature T...(Bias)* —55 to +125 ‘C
* Under Bias
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B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vez=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m /sec)

HM2105

Item Symbol Test Condition min B) typ max (A) Unit
0°C —1000 - —840
Vou +25°C —960 - —810
+75°C —900 - —720
Output Voltage Vin="Vius or Virs 0C 1870 — 1665 mV
Vou +25°C —1850 - —1650
+175°C —1830 - —1625
0°C —1020 - —
Vouc +25‘C - 980 - -
Output Threshold Voltage Vin=Vius or Vira +75:C - 920 — — mV
0°C - - —1645
Vorc +25°C - - —1630
+175°C - - —1605
0°C —1145 - —840
Vi Gfxaranteed Input Voltage To5C | —1105 — 810
oot Veltage High for All Inputs +75:C 1045 — “720 .
0°C —1870 — —1490
T bl R
+75°C —1830 - —1450
Ly Vin="Vina 0 to +75°C — — 220
Input Current I CS Vin=Vies 0 to 4+75°C 0.5 - 170 rA
Other —50 — -
Power Supply Current Lee All Input and Output Open. +175°C —120 —85 — A
Test pin 8. 0°C —130 —95 -
® AC CHARACTERISTICS
(Vee=—5.2V+5%, Ta=0 to +75°C,air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs - 7 12 ns
Chip Select Recovery Time tacs - 7 12 ns
Address Access Time tan - 20 35 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=8ns 25 15 - ns
Data Setup Time twsp 5 3 - ns
Data Hold Time twhp 5 3 - ns
Address Setup Time twsa tw=25ns 8 5 - ns
Address Hold Time twHa 2 0 - ns
Chip Select Setup Time twscs 5 3 — ns
Chip Select Hold Time twhcs 5 3 — ns
Write Disable Time tws 3 1 - ns
Write Recovery Time twr — 15 20 ns
@ HITACHI 235



HM2105

3. RISE AND FALL TIME

Item Symbol l Test Condition ! min. typ. max. Unit
Output Rise Time tr — 5 - ns
Output Fall Time ty I I — 5 — ns
4. CAPACITANCE
Item Symbol Test Condition min. typ. max. Unit
Input Lead Capacitance Cin - 4 5 pF
Output Lead Capacitance Cout — 7 8 pF
E TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND
-0.9v
80%
16
20%
-1.7V—
ty ty

t, =t;=2.5ns typ

0.01uF -[ -2.0vw
I Ry =500
T Ve €y =30pF (includes jig and
stray capacitance)
3. READ MODE
cs 50% Address >é0%
taa
Vins
Dout Vit
4. WRITE MODE
cs ) 7

R C— X
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Supply Current Iee (mA)

Supply Current Iee (mA)

SUPPLY CURRENT

vs. AMBIENT TEMPERATURE
120

100
—]
'\_\
I~
60
20
0 i—L
-20 20 40 60 80 100

Ambient Temperature Ta ('C)

SUPPLY CURRENT

vs. SUPPLY VOLTAGE
120

100 ,/

£
AN

/]
\ |/

Supply Voltage Vee (V)

Address Access Time 44 (ns)

@ HITACHI

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

HM2105

40

30

2« /‘//—————
10 | .

-2 20 4 60 80 100

Ambient Temperature Ta (°C)
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HM2106

256-word X 1-bit Fully Decoded Random Access Memory

The HM2106 is an ECL compatible, 256-word x 1-bit, read/write
random access memory developed for application to scratch pad,

control and buffer memories, etc. which require high speeds.

(DG-16)

® |t is compatible with 10K ECL logic.
® Chip select access time ........... et 10ns (max)
® Address Accesstime ...................0..... 15ns (max)
® Power consumption ..................... 1.8mW/bit (typ)
® Output obtainable by wired-OR (open emitter)
Bl TRUTH TABLE
Input
— — Output Mode
cS WE Din
any one H X X L Not Selected
all L L L L Write “0”
all L L H L Write “1”
all L H X Dout * Read
X : Don’t care
* : Read out non-inverted
W BLOCK DIAGRAM
:w— 2. § 16X 16 :_:
R E S Memory ocs
:: =& Z Cell =

e =i [p=dj
Write Drivers
Y Address
Decoder

A As As &

B ABSOLUTE MAXIMUM RATINGS

Item Symbol HM2106 Unit
Supply Voltage Vee to Vee +0.5 to —7.0 A
Input Voltage Vin +0.5 to Vee \
Output Current Tou —30 mA
Storage Temperarature Tos —65 to +150 C
Storage Temperature T.s(Bias)* —55 to +125 ‘C

* Under Bias

238 G HITACHI

HPIN ARRANGEMENT

S

>

|

o
&

gl
plainlalnlainlE

o
n

<
o
L

(Top View)




M ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vie=—5.2V, R.=500Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2106

Item Symbol Test Condition min B) typ max (A) Unit
0°C —1000 - —840
Vou +25°C —960 - —810
Output Voltage Viv=Vim or Vis +75°C —%0 — —120 mV
0°C | —1870 - —1665
Vo +25°C —1850 - —1650
+75°C —1830 - —1625
0°C —1020 - -
Vone ¥25C | — 980 = _
Output Threshold Voltage Vin="Vins or ViL +75C ~ 920 — — \'
' 0C - — | -4 | "
Vorc +25°C - - —1630
+75°C - - —1605
Guaranteed Input Voltage O:C —1145 — —840
Viu High for All Input +25°C —1105 - —810
+75°C —1045 - —720
Input Voltage oc | —1870 — 7490 mV
Vie Guaranteed Input Voltage To5C | —1850 — Y7
Low for All Inputs 175C 1830 — 1450
Iin Vin=Viua 0 to +75C - - 220
Input Current I CS V= Viia 0 to +75°C 0.5 - 170 “A
Other —50 - -
Supply Current P All Inptxt and Output Open. +75:C —120 —85 - A
Test pin 8. 0C —130 —95 -
® AC CHARACTERISTICS
(Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs - 6 10 ns
Chip Select Recovery Time tacs - 6 10 ns
Address Access Time taa 3 9 15 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 10 - - ns
Data Setup Time twsp 2 - — ns
Data Hold Time twip 2 - - ns
Address Setup Time twsa tw=10ns 2 - - ns
Address Hold Time twa 2 - - ns
Chip Select Setup Time twscs 2 - — ns
Chip Select Hold Time twacs 2 — - ns
Write Disable Time tws 3 - - ns
Write Recovery Time twr - - 10 ns
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HM2106

3. RISE/FALL TIME

Item Symbol Test Condition min typ. max. Unit
Output Rise Time t - 3 — ns
Output Fall Time ts — 3 — ns
4. CAPACITANCE

Item Symbol Test Condition min typ. max. Unit
Input Capacitance Cin - 2 5 pF
Output Capacitance Cout - 3 8 pF
H TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE

GND

-0.9V
16 80%
15
HM2106 | g, c 20%
I -1V
8
(L()IuF‘[_‘I -20v t,=t;=2.5ns typ
I Vir RL=50Q
CL=30F (includes jig and stray capacitance)

3. READ MODE

Address

>Kso%

Dout

Ving
ViLa

4. WRITE MODE
= 0%} ———— ——————— ——— —— — ————— 7%
Address i 50% <“"——“‘———*~———-“-—————*
‘‘‘‘‘‘‘ ="\ 2 R
Din 50% k————————————— X ! !
| N —— ~ :
f—t whi
. L so%\,< _____ 7/
WE N f—t WHA—
twsa tw twHCS
______ 1T e A Vs
Dout wsc Viea
|-t ws t wR
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Output “1” Level Vo (V)

Supply Current Iez (mA)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

140
120
—
~

. ~

P

w

Ver =520
20]
-2 40 ) 0 100

Ambient*Temperature Ta ('C)

OUTPUT “1” LEVEL
vs. AMBIENT TEMPERATURE

- e
0.80 //
=0.90
g
Ver ==5.20V

= L00

-0 20 0 0 w0 Too

Ambient Temperature Ta (C)

ADDRESS ACCESS TIME

vs. AMBIENT TEMPERATURE

18
E "
2
5 -
¢ /,/
; .—.————/
E 10

Vee =—5.20V
] - L
-20 2 40 60 80 100

Ambient Temperature Ta ('C)

Output “0” Level Vor (V)

Address Access Time taa (ns)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Supply Current Iee (mA)
-

Supply Voltage Vee (V)

OUTPUT “0” LEVEL
vs. AMBIENT TEMPERATURE

L

-170

g
—
]
Ver =-5.20V

=180
L 1 1
-20 20 30 60 80 100

Ambient Temperature Ta (‘C)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

2] //
~—_ | |
Ta =251
¥
6|
=572 =520 —4.68

Supply Voltage Vee (V)

G HITACHI
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HM10414,HM10414-1

256-word X 1-bit Fully Decoded Random Access Memory

The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write,
random access memory developed for high speed systems such as

scratch pad and control/buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide

isolation method with double metalization.

The HM10414 is encapsulated in cerdip-16pin package, compatible

with Fairchild’s F10414.

® Fully compatible with 10K ECL level

® Address access time: HM10414: 10ns (max.)
HM10414-1: 8ns (max.)

® Write pulse width: 6ns (min.)

® Three chip select pins

® Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

(DG-16)

Input
— ——— Output Mode
CS WE Din
any one H X X L Not Selected
all L L L L Write “0”
all L L H L Write “1”
all L H X Dout * Read

X I Don't care
*  Read out non-inverted

HBLOCK DIAGRAM

Aso—
Aro—
Aro——
Ayo—ro

X Address
Decoder
Word [)nnnl

Memory

Cell

Sense Amp
Write Drivers

Y Address
Decoder

AuAs As A7

Dout
16X 16 -—
5

CS:
Csy

WE

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Via +0.5 to Vee \4
Output Current Tow —30 mA
Storage Temperature Toe —65 to +150 C
Storage Temperature T.s(Bias)* —55 to +125 ‘C

* Under Bias
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Ao
A2

A |3

>

o
kg

gl

Vee | 8

al
[=1[=1=1 =1 = =111
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(Top View)



HM10414, HM10414-1

M ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vez=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max (A) Unit

0°C —1000 - —840
Vou +25°C —960 - —810
+175°C —900 - —720

Output Voltage Vin=Viun or ViLs 0°C —1870 - — 1665 mV
Voo +25°C | —1850 - —1650
+75°C | —1830 - —1625
0°C —1020 - -
Vone +25¢C —980 — —
+75°C —920 — -

Output Threshold Voltage Vin="Viua or Viia e = T e | ™
Voue +25°C — — | —1630
+175°C - — | —1605
0°C —1145 - —840
Vir Guaranteed Input Voltage Fo5C 1105 _ —810
High for Al Inputs T75°C 1045 — —1720

Input Voltage 0°C —1870 - —1490 mV
Vio Guaranteed Input Voltage +25C | —1850 — —1475
Low for All Inputs 175°C —1830 — —1450
Iin Vin=Vim 0 to +75C - - 220

Input Current In CcS Viv="ViLs 0 to +75°C 0.5 — 170 HA
Other —50 — —

Supply Current Iee All Input and Output Open, +75°C _ —130 — mA
Test Pin 8 0°C —180 —140 -

® AC CHARACTERISTICS

(Vee=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE

HM10414 HM10414-1
Item Symbol Test Condition - - Unit
min typ max min typ max

Chip Select Access Time tack - 3 6 - 3 6 ns
Chip Select Recovery Time tres - 3 6 - 3 6 ns
Address Access Time tan - 7 10 - 6 8 ns
2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4 - ns
Data Setup Time twsp 1 0 - ns
Data Hold Time twnp 1 0 - ns
Address Setup Time twsa tw=6ns 2 0 - ns
Address Hold Time twia 2 0 - ns
Chip Select Setup Time twscs 1 0 - ns
Chip Select Hold Time twhcs 1 0 — ns
Write Disable Time tws — — 5 ns
Write Recovery Time twr bt bt 5 ns
3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t - 1.5 2.5 ns
Output Fall Time ty - 1.5 2.5 ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Ca - 3 5 pF
Output Capacitance Cout - 5 8 pF
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HM10414, HM10414-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITIONS 2. INPUT PULSE
GND

T —0.9V

16 5

=17V
HM10414 RL

CL
I I t,=t;=20ns typ

oowF == -2V
I
Vee

RL=50Q

CL=30pF (includes jig and stray capacitance)
3. READ MODE

Address 50%

Dout 50%

80%

20%

4. WRITE MODE a\
&= 50% R ——————————————————————— f

Address i 50°/>< —————————————————— i
i
|

——————— ———~——>k —q———————
Din % : :

WE
Dout
SUPPLY CURRENT SUPPLY CURRENT
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
200 200
180 180
=<
£
160 < 160
CH By 3
P P B
g \\ 8 -\\
§ o \\ g Mo
@120 § 120
100 100
Vee=—5.20V Ta=25C
8 80
-20 0 20 40 60 80 100 -572 -5.20 —4.68

Ambient Temperature Ta ('C) Supply Voltage Ves (V)
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Address Access Time taa (ns)

Chip Select Access Time tacs (ns)

Write Pulse Width tw (ns)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

10

9
: — :
H
7 // e
e §
~ P
e v - §
A 2
5 }
1 i
Veg=~5.20V
4 | 1
-20 0 20 40 60 80 100
Ambient Temperature Ta (C)
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
6 l l‘
1 g
| @
F
. \ )
] 3
1
V££=—5.20'V
0
-2 0 20 40 60 80 100
Ambient Temperature Ta ('C)
WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE
6
5
\ ”’\‘
4 =
H
3
3 =
13
. Z
,;_
1
Veg=—5.20V
0
-20 0 20 40 60 80 100

Ambient Temperature Ta (T)

@ HITACHI

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

10

7 .
6 B, 1 | e
mm"%/
|

—5.72 —5.20 —4.68
Supply Voltage Vee (V)

CHIP SELECT ACCESS TIME

vs. SUPPLY VOLTAGE
6

Ta=25C

-5.72 - 520 — 468
Supply Voltage Vee (V)

WRITE PULSE WIDTH
vs. SUPPLY VOLTAGE
6

Ta=25'C

-5.72 -520 —4.68
Supply Voltage Vee (V)

HM10414, HM10414-1
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HM2110,HM2110-1, HM2110-2

1024-word X 1-bit Fully Decoded Random Access Memory

The HM2110 Series item is an ECL compatible, 1024-word x 1-bit,
read/write, random access memory developed for application to
scratch pads, control and buffer memories, etc. which require high

speeds.

® |t is compatible with 10K ECL logic.

® Chip select accesstime ............. 10ns (max.)

® Addressaccesstime ............... HM2110: 35ns (max.)

HM2110-1: 25ns (max.)
HM2110-2: 20ns (max.)
® Power consumption ,............... 0.5mW/bit (typ)
® QOutput obtainable by Wired-OR (open emitter).

B TRUTH TABLE

Input
— — Output Mode
CS WE Din
H X x L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
X 1irrelevant
* . Read out noninverted
HBLOCK DIAGRAM
Ao ool
Ao— 32x32
A20—{ Memory
Aro—— Cell
Avo—— Dout

I Write Drivers I
and Sense Amp r NP
X Address

Decoder

As As A1 As Ay

EABSOLUTE MAXMUM RATINGS

Item Symbol HM2110 Series Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \'
Input Voltage Via +0.5 to Ve \'
Output Current Tow —30 mA
Storage Temperature Tue —65 to +150 °C
Storage Temperature T (Bias)®* —55 to +125 °C

* Under Bias
246 @ HITACHI
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Dout E
A.E
35
5
'5
ko
\E

V;;E

lic
16

(Top View)

Vee




HM2110, HM2110-1, HM2110-2

HMELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max (A) Unit
0C | —1000 — —840
Vou +25°C —960 — —810
+175°C —900 -— —720
Output Voltage Vin=Viua or ViLs " mV
0°C | —1870 — —1665
Vou +25°C | —1850 — —1650
+175°C —1830 - —1625
0'C | —1020 — —
Vouc +25°C —980 — -
+175°C —920 - -
Output Threshold Voltage Vin=Vius or Viea - mV
0C — - —1645
Vorc +25°C — — —1630
+175°C - — —1605
Vet 0°C —1145 — —840
Vin Guaranteed Input Voltage T25C 1105 — 810
High for All Inputs
+175°C —1045 - —720
Input Voltage " mV
. 0'C —1870 — —1490
t
Vi Guaranteed Input Voltage TsC 1850 — “ats
Low for All Inputs
+175°C —1830 — —1450
Iw Vin=Viua 0 to +75°C — - 220
Input Current CS . 0.5 - 170 KA
I Vin=ViLs 0 to +75C
Other —50 - —
All Input and Output , | 0=Ta<25°C —150 —100 —
Supply Current Tee np‘f and Output Open T mA
Test Pin 8 Ta225C —125 —90 -

® AC CHARACTERISTICS
(Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)

1. READ MODE

Item Symbol Test Condition - HM2119 - HM2110-1 - HM2110-2 Unit

min | typ | max | min | typ | max | min | typ | max
Chip Select Access Time tacs - 7 10 - 7 10 — 7 10 ns
Chip Select Recovery Time trcs — 7 10 - 7 10 —_ 7 10 ns
Address Access Time taa - 20 35 - 15 25 — 15 20 ns

2. WRITE MODE
HM2110 HM2110-1 HM2110-2

Item Symbol Test Condition - - - Unit

min [ typ | max | min | typ | max | min | typ | max
Write Pulse Width tw twsa=8ns 25 — - 25 - - 25 - - ns
Data Setup Time twsp 5 - - 5 - - 5 - - ns
Data Hold Time twip 5 - - 5 - - 5 - - ns
Address Setup Time twsa tw=25ns 8 - — 8 — - 8 . — ns
Address Hold Time twia 2 - - 2 - - 2 - — ns
Chip Select Setup Time twscs 5 — - 5 — - 5 - — ns
Chip Select Hold Time twics 5 - - 5 - - 5 - - ns
Write Disable Time tws - - 10 - — 10 — — 10 ns
Write Recovery Time twr - — 10 — — 10 — — 10 ns
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HM2110, HM2110-1, HM2110-2

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time te — 5 — ns
Output Fall Time 17; — 5 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 4 5 pF
Output Capacitance Cou — 7 8 pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND -
0.9V 80%
[
16 -1.7V . N
HM2110 t, =ty =2.5ns typ
R Co
i I
4 -
0.014F I-E 2.0V
= O RL=500
Vee Cr=30pF(includes probe and
jig capacitance)
3. READ MODE
Address 50%
taa
o Vins
out Vica

4. WRITE MODE

cs

Address

248

f—tws

m—dm——_t————————
0% Y —————————————
/|
| VS g 7/
po-t WHD
509N __ /
twsp=d \ / t WHA
t wsa tw t WHCS:

Viug
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Address Access Time taa (ns)

Supply Current [ee (mA)

30

HM2110, HM2110-1, HM2110-2

SUPPLY CURRENT vs. SUPPLY CURRENT vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
120 120
100 ]
100 100 L
M~ /

40

2 2 /

-20 0 20 40 60 80 100 0 -1 -2 -3 -4 -5 -6

Supply Current Iee (mA)
.
>

Ambient Temperature Ta (C) Supply Voltage Vee (V)

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

HM2110

20

HM2110-1

HM2110-2 />(
L —

/
/

M\

=20

0 20 40 60 80 100

Ambient Temperature Ta ('C)
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HM2112, HM2112-1

1024-word X 1-bit Fully Decoded Random Access Memory
The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write,

random access memory developed for application to scratch pads,
control and buffer memories, etc. which require high speeds.
B FEATURES
e Level ...... ... ... .. . i, 10k ECL Compatible
® Construction ...........covvevnnnnnn. 1024-word by 1-bit
® Address Access Time ................. HM2112 10ns (max.)
HM2112-1 8ns (max.)
® ChipSelect Access Time .............couvnnnn. 5ns (max.)
® Power Consumption ...........coevuuun.. 0.8mW/bit (typ)
©® Output Obtainable by Wired-OR (open emitter) (DG-16A)
® Fully Pin Compatible with F10415
ETRUTH TABLE B PIN ARRANGEMENT
I \j
— T.f Output Mode DOU!E 16V
CS WE Din
H X X L Not Selected AOE 5] Din
L L L L Write “0” "‘[_T_ ljcs
L L H L Write “1” A:E 13| WE
L H X Dout* Read A,E 12]A,
X : Irrelevan
* . Reat: out‘noniverted A‘E 11{As
A,E 10]a,
HBLOCK DIAGRAM
o] . VEEE E]A-
Alo—ro{ 2 32x32
Aro—— Memory (Top View)

Word Drivers

Write Drivers
and Sense Amp

Cell
| —-D_dl)uu!

X Address
Decoder

HAh b

B ABSOLUTE MAXIMUM RATINGS

Item Symbol HM2112 Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \'
Input Voltage Via +0.5 to Vee \'
OQutput Current L —30 mA
Storage Temperature Tos —65 to +150 °C
Storage Temperature T.s(Bias)* —55 to +125 °C

* Under Bias
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HM2112, HM2112-1

IMELECTRICAL CHARACTERISTICS
(Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75C, air flow exceeding 2m/sec)

®DC CHARACTERISTICS

Item Symbol Test Condition min(B) typ max (A) Unit
0C —1000 - —840
Vou +25°C —960 — —810
+175°C —900 — —1720
Output Voltage Vin=Viua or Virs - mV
0'C —1870 . —1665
Vor +25°C —1850 - —1650
+75°C —1830 - —1625
0'C —1020 — —
Vouc ’ +25°C —980 — —
+175°C —920 — -
Output Threshold Voltage Vin=Vius or Vira " mV
0°C - - —1645
Vore +25°C — — —1630
+175°C — - —1605
0'C —1145 — —840
Vin Guaranteed Input Voltage 125 1105 — 810
High for All Inputs
+175°C —1045 — —720
Input Voltage " mV
0'C —1870 — —1490
Gi teed Input Volt.
Vi uaranteed Input Voltage +25C | —1850 — | —wa1s
Low for All Inputs
+175°C —1830 — —1450
In Vin=Viua 0 to +75°C - - 220
Input Current cS . 0.5 — 170 HA
In Vin=Vis 0 to +75C
Other —50 - —
All Input and Output X Ta=0C —200 - —
Supply Current Ice np|f and Output Open - mA
Test Pin 8 Ta=75C —170 — -

® AC CHARACTERISTICS
(Vee=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)

1. READ MODE

HM2112-1 HM2112

Item Symbol Test Condition Unit

min typ max min typ max
Chip Select Access Time tacs 1 3 5 1 3 5 ns
Chip Select Recovery Time tres 1 3 5 1 3 5 ns
Address Access Time taa 3 6.5 8 3 7.5 10 ns

2. WRITE MODE

Item Symbol Test Condition - Hm21121 - HM2112 Unit

min typ max min typ max
Write Pulse Width tw twsa=23ns 6 2 — 6 2 — ns
Data Setup Time twsp 1 0 — 1 0 — ns
Data Hold Time twhp 1 0 - 1 0 - ns
Address Setup Time twsa tw="6ns 3 0 — 3 0 - ns
Address Hold Time twia 2 0 - 2 0 - ns
Chip Seiect Setup Time twscs 1 0 — 1 0 — ns.
Chip Select Hold Time twhcs 1 0 — 1 0 — ns
Wiite Disable Time tws 1 3 5 1 3 5 ns
:wrsu- R::T)vex'y Time twr 1 3 5 1 3 5 ns
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HM2112, HM2112-1

3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time t, 0.8 1.5 2.5 ns
Output Fall Time tr 0.8 1.5 2.5 ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin 1 3 5 pF
Output Capacitance Cout 3 5 8 pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND
-0.9V
80%
20%
16 -1L7V
L te ty
HM2112 t,=t;=2.0ns typ
Ru CL
8
0.01u4F -2.0V
I (o} RL=500
Vee CL=30pF(includes probe and jig capacitance)
3. READ MODE
Address 50%

4. WRITE MODE

cs 50%

; 50%

Address

252

50%

G HITACHI



SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

200
o \\\
160 \\

Supply Current Jgr (mA)
=
=]

=
S

100

Vee=—520V

80
-20 0 20 40 60 80 100

Ambient Temperature Ta (°C)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

©

taa (ns)

\

WM2112 "]

\

Address Access Time
o
x
=z

Vee=—5.20V

-20 0 20 40 60 80 100

Ambient Temperature Tg (°C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

6
£
«
3
N
£ o
P
@
H
< 3
S
$
3
a 2
£
o
1
Vee=-520V
0
-20 0 20 40 60 80 100

Ambient Temperature Ta (°C)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

200
180
< ~~
3 \_\
@ 160 —
- [—
H
140
3
E
2 120
100
Ta=25C
80
-5.72 -5.20 —468
Supply Voltage Vee (V)
ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE
10
9
z
R \\
3 ~]
g e,
:’ 7 < —
§ %12-1
< P —
P \~_
2 6
=
2
5
Ta=25C
4 -
=5.72 ~5.20 —4.68

w - 2

~

Chip Select Access Time tacs (ns)

® HITACHI

Supply Voltage Vee (V)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

-
——
—
\_\'s
Ta=25"C
-5.72 -5.20 —4.68

Supply Voltage Veg (V)

HM2112, HM2112-1
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HM2112, HM2112-1

WRITE PULSE WIDTH WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
6 6
S 5
; 4 ‘: . S
3o = 3
< 2
s 2 2 2
= ES
1 1
Veg=-5.20V Ta=25C
0 | 0
-20 0 20 40 60 80 100 572 520 ~e68
Ambient Temperature Ta ('C) Supply Voltage Ver (V)
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HM10422

256-word X 4-bit Fully Decoded Random Access Memory
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write,
random access memory developed for high speed systems such as
scratch pads and control buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM10422 is encapsulated in cerdip-24 pin package, compatible
with Fairchild’s F10422.

B FEATURES
® 256-word x 4 bit organization. (DG-24A)
® Fully compatible with 10K ECL level
® Address access time: 10ns (max) HPIN ARRANGEMENT
® Write pulse width: 6ns (min) U,
e Power dissipation: 0.8mW/bit veea [1] 2] vee
® Output obtainable by wired-OR (open emitter) vor 2] 23] vo.
=0 A
B TRUTH TABLE ”O‘E EDO’
— Iiplt - Output Mode BS: E 20] BSs
BS WE Din ‘ ol E E vl
H X X L Not Selected
DI2 E E DIs
L L L L Write “0” i E E N
L L H L Write “1”
as[s [16] A
L H X Dout* Read
As |10 E A
Notes) X : Irrelevant
* ! Read out noninvert Ar E E A
BWBLOCK DIAGRAM . vee (2] 5]
T T T (Top View)
I Y-Decoder/Driver l
J J J UJ
]
Ao O
Memory Cell Array
A1 o 256 Words X4 Bits

4
?
X-Decoder/Driver

Block 1 Block 2 Block 3 Block 4

g U U U

WE O—{ R/W Circuit | R/W Circuit | R/W Circuit { R/W Circuit

R EEEEEEEEEE
2 5g 12358 2358 €35 %
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HM10422

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee to Vec +0.5 to —7.0 v
Input Voltage Via +0.5 to Vee \
Output Current Tow —30 mA
Storage Temperature Tus —65 to +150 °C
Storage Temperature T.s(Bias)* —55 to +125 °C

* Under Bias
B ELECTRICAL CHARACTERISTICS

(Vee=—5.2V, R.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)
oDC CHARACTERISTICS

Item Symbol Test Condition min(B) typ max (A) Unit
0°C —1000 — —840
Von +25°C —960 - —810
Output Voltage Vin=Viua +75:C —900 — —720 -
or ViLs 0°C —1870 = —1665
Vo +25°C —1850 — —1650
+75°C —1830 - —1625
0°C | —1020 - —
Vounc +25°C —980 — —
+175°C —920 — —
Output Threshold Voltage Vin=Vius or Vira 0 — — 1685 mV
Vorc +25°C — — —1630
+75°C — — —1605
0°C | —1145 — —840
Guaranteed Input Voltage S
Vin High for All Inputs +25°C | —1105 - —810
+75°C | —1045 - —720
Input Voltage — mV
0°C’ | —1870 — —1490
Vs Guaranteed Input Voltage TC 1850 — YT
Low for All Inputs <
+75°C | —1830 — —1450
Iiu Vin=Vina 0 to +75C - - 220
Input Current In g:m Vie=Vis | 0 to +75C _0;) - IT KA
All Input and Output Open, Ta=0C —200 —160 —
Supply Current Tze Test Pin 12 Ta=15C — | —ss -] ™
®AC CHARACTERISTICS
1. READ MODE
Item Symbol Test Condition min typ max Unit
Block Select Access Time tass - — 5 ns
Block Select Recovery Time tres — — 5 ns
Address Access Time taa — 7 10 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4.5 — ns
Data Setup Time twso 2 0 - ns
Data Hold Time twup 2 0 — ns
Address Setup Time twsa tw=6ns 2 0 — ns
Address Hold Time twia 2 0 — ns
Block Select Setup Time twsss 2 0 — ns
Block Select Hold Time twnps 2 0 —_ ns
Write Disable Time tws - 4 5 ns
Write Recovery Time twr — 4.5 9 ns
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3. RISE/FALL TIME

HM10422

Item Symbol Test Condition min typ max Unit
Output Rise Time t, — 2 — ns
Output Fall Time ty - 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 4 — pF
Output Capacitance Cou — 7 — pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circuit ~0.9V -
Vee(GND)
|
I .
-7V !
\ |
Dout
MU.T. L to=t;=2.0ns typ Yy
R ; Ci
0.01uF -[ i -2.0V
;. RL=50Q
CL=30pF(includes
probe and jig
capacitance)
3. READ MODE
5 50%
| | Address |
| |
= tans=l Pl,i’l |
t :m% o taa |
Dout : 50%1 :
| %
v |- 2% Dout
et

4. WRITE MODE

L

BS 507y

Address

Dout

———— e -

@ HITACHI
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HM10422

Supply Current Izg (mA)

Address Access Time tas (ns)

Block Select Access Time tass (ns)

258

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE
200

160

140 —

N
120
100
Vee=—5.20V
8
-20 0 20 40 50 80 100

Ambient Temperature Ta ('C)

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

8 e
7
Vee=—5.20V
|
=20 0 20 40 60 80 100

Ambient Temperature Ta (C)

BLOCK SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

6
5
4
I
|t
3 | omm—
2
1
Vee=—5.20V
0 |1
2 0 20 40 60 80 100

Ambient Temperature Ta ('C)

Supply Current Ieg (mA).

Address Access Time taa (ns)

.

Block Select Access Time tass (ns)

@ HITACHI

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200
180
160
— ]
P——
140
120
100
Ta=25"C

© |

—5.72 —5.20 —4.68

Supply Voltage Vez (V)

ADDRESS ACCESS TIME vs.
SUPPLY VOLTAGE

8 et
\ —
7
Ta=25C
6
572 ~520 —468

Supply Voltage Vee (V)

BLOCK SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

Te=25C

—5.72 —5.20 —4.68

Supply Voltage Vee (V)



Write Pulse Width (ns)

HM10422

WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
6 6
5 5
\\
4 ~ T
X
=
3 g 3
z
2 2 2
=
1 1
Vee=-520V Ta=25C
0 [ | . |
-20 0 20 40 60 80 100 ~5.72 —5.20 —4.68
Ambient emperature Ta (°C) Supply Voltage Vee (V)

®@HITACHI 259



HM10470, HM10470-1

4096-word X 1-bit Fully Decoded Random Access Memory
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read

write, random access memory developed for high speed systems such

as scratch pads and control/buffer storages.

The fabrication process is the Hitachi’s low capacitance, oxide

isolation method with double metalization.

The HM10470 is encapsulated in cerdip-18pin package, compatible

with Fairchild’s F10470.

B FEATURES
® 4096-word x 1-bit organization
® Fully compatible with 10K ECL level

® Address access time:

® Write pulse width:

HM10470
HM10470-1
HM10470
HM10470-1

® Low power dissipation: 0.2mW/bit
® Qutput obtainable by wired-OR (open emitter)

B TRUTH TABLE

25ns (max)
15ns (max)
25ns (min)
15ns (min)

(DG-18)

HPIN ARRANGEMENT

ot [1]
w2
5

W

18] vec
[17] Din
16] TS
(15 WE
1] Au
[13] A
2]
o
[10] &

Input Al 4
— P Output Mode E
CS WE Din A E
H X X L Not Selected A‘E
L L L L Write “0”
.... w[7]
L L H L Write “1
L H X Dout* Read M E
Notes) X : Irrelevant Vee E
#*  Read Out Noninvert
HEBLOCK DIAGRAM
Ao O—
A o— . 64 X64
A2 O0—f gg || g o Memory Cell
Mmo— 28 . Array
Ay 00— > ;
Dout
As 0—
1 I
Sense Amp and Ts
Write Drivers
I WE
Y Address
Decoder Din
222z :Z
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \Y%
Input Voltage Vin +0.5 to Vee A"
Output Current Tow —30 mA
Storage Temperature Tag —65 to +150 °C
Storage Temperature T..(Bias)* —55 to +125 °C

* Under Bias
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HM10470, HM10470-1

B TEST CIRCUIT AND WAVEFORMS
®DC CHARACTERISTICS (Vee =—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max(A) Unit
0'C —1000 — —840
Vou +25°C —960 — —810
+75°C —900 — —720
Output Voltage Vin=Visa or ViLs - mV
0°C —1870 — —1665
VoL +25°C —1850 — —1650
+75°C —1830 — | —1625
0°C —1020 — —
Vone +25°C —980 - -
+75°C —920 - —
Output Threshold Voltage Vin=Vius or Vira — mV
0'C - — —1645
Vorc +25°C — — | —1630
+175°C — — —1605
. 0'C —1145 - —840
t
Vis Guaranteed Input Voltage T25C 1108 — 10
High for All Inputs
+75°C —1045 — —720
Input Voltage — mV
Vel 0°C —1870 — | —1490
G teed I t
Vi varanteed Input Voltage T25C | —1850 — | s
Low for All Inputs
+75°C —1830 — —1450
Iin Vin="Vina 0 to +75°C — — 220
Input Current CcS . 0.5 — 170 HA
I Vin=ViLs 0 to +75°C
Other —50 — —
Ta=0'C —200* —160* —
All Input and Output Open, a=
Supply Current Iee nput an put Upen —280** | —200%* - mA
Test Pin 9
Ta=75C - —145 —

* HM10470
* % HM10470-1

®AC CHARACTERISTICS (Vee=—5.2V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM10470 HM10470-1
Item Symbol Test Condition - - Unit
min typ max min typ max
Chip Select Access Time tacs — - 10 - — 8 ns
Chip Select Recovery Time tres — — 10 - - 8 ns
Address Access Time ) taa — 15 25 — 12 15 ns
2. WRITE MODE
Item Symbol Test Condition - HM10470 - HM10470-1 Unit
min typ max min typ max
Write Pulse Width tw twsa=3ns 25 - - 15 — — ns
Data Setup Time twsp 2 - — 2 — - ns
Data Hold Time twnp 2 - - 2 — - ns
Address Setup Time twsa tw=1tw min 3 — — 3 — — ns
Address Hold Time twha 2 - — 2 — - ns
Chip Select Setup Time twscs 2 — — 2 — — ns
Chip Select Hold Time twhcs 2 - — 2 - - ns
Write Disable Time tws - - 10 - — 8 ns
Write Recovery Time twr - — 10 — — 8 ns
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HM10470, HM10470-1———

3. RISE/FALL TIME
Item Svmb:)l‘_ o Test Condition min typ max Unit
Output Rise Time t, ![ — 2 - ns
Output Fall Time : ; — 2 — ns
4. CAPACITANCE
Item *S—;:‘n—-wiiw T Test Condition min typ max Unit
Input Capacitance Cia o — 3 — pF
Output Capacitance Cou — 5 — pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Test Circuit -0.9V
Vcc(GND) 80%
T 20%
=17V
t Kl
Dout
M.U.T. L =t=2.0ns typ
Re =20
% Ri=50Q
CL=30pF (includes
2.0V probe and jig
cupacitance)

0.0I#F; Vee

3. READ MODE

Address

4. WRITE MODE

P

r-—————————tA4

50%

C—.S 50%. R ________________
Address
Din
—_ SO%N
WE
tws o]
Dout SCS

®
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Supply Current Ire (mA)

Address Access Time tas (ns)

Chip Select Time tacs (ns)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

180
160
140 T
e ——
—
120
Vee=-520V
80 | ]
=20 0 20 40 60 80 100
Ambient Temperature Ta ('C)
ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE
35
30
25
20 ——
MI04TO L1
s ll“/‘/ |
M1 L]
,“//
10
Veg=—520V
B
-20 20 40 60 80 100
Ambient Temperature Ta ('C)
CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE
12
10
8
6
H
= S 77
——
2
VT=—5.20V
0
—20 20 40 60 80 100

Ambient Temperature Ta (C)

Supply Current Ige (mA)

Address Access Time taa (ns)

Chip Select Time tacs (ns)

GO HITACHI

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200

180

160

140

120

Ta=25C
'

-5.72 -5.20 —4.68
Supply Voltage Vee (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

35
25
HM10470 /’
15
HM10470°1_L—T"
Ta=25C
R—7 T520 ~168
Supply Voltage Vee (V)
CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE
12
8

HM1047
HM10470-1
4
2
Ta=25C
0
—5.72 -520 —4.68

Supply Voltage Vee (V)

HM10470, HM10470-1
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HM10470, HM10470-1
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Write Pulse Width tw (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

35
30
25

HM10470
20 —
15 ;

aM10470- [

e}
__—-—_ —_—_-
10
Vee=~5,20V

5 1
-2 20 40 6 100

Ambient Temperature Ta ('C)

@ HITACHI

Write Pulse Width tw (ns)

25

8

WRITE PULSE WIDTH vs.

SUPPLY VOLTAGE

HM10470 | et

15

aMidno-1 |

—5.20

Supply Voltage Vee (V)



HM10474

1024-word X 4-bit Fully Decoded Random Access Memory

The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read
write, random access memory developed for high speed systems such
as scratch pads and control/buffer storages.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization,

The HM10474 is encapsulated in cerdip-24pin package, compatible
with Fairchild’s F10474.

B FEATURES

® 1024-word x 4-bit organization

® Fully compatible with 10k ECL level

® Address access time:  25ns (max)

® Write pulse width: 25ns (min)

® | ow power dissipation: 0.2mW/bit

® Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

— Iim Output Mode
CS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read

Notes) X : Irrelevant
* . Read Out Nonivert

HBLOCK DIAGRAM

As Ar As Ao
T 7 % %
L Y-Decoder/Driver l
o 3r JF Il I
Ao 0
5 Memory Cell Array
Ao 2 1024Words x 4 Bits
a
<
Az 0— _g :}
Aso— &
>
As 0
Block 1 | Block 2 | Block 3 | Block 4
Aso—__]
— 8
WEo© R/W R/W R/W
s o chrow | e | cheus | cires

M ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \%
Input Voltage Via +0.5 to Vee \'
Output Current Tout —30 mA
Storage Temperature Tate —65 to +150 °C
Storage Temperature Tos(Bias)* —55 to +125 °C

% Under Bias

@ HITACHI

(DG-24A)

HPIN ARRANGEMENT

Veea E
p0s [Z]
Do, [3]
w]
NG
WG
NG
W[
NG
N (10
As[11

Vee |12

T\

24| Vee
23| DOz
22| DOy
[21] DL,
20] DIs
[19] b2
(18] DIy
17] &5
6] wE
[15] A

[14] As

13] Ar

(Top View)
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HM10474

I ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max (A) Unit
0'C —1000 - —840
Vou +25°C —960 - —810
+75C —900 — —720
Output Voltage Vin=Viua or ViLs - mV
0C —1870 — —1665
Vo +25°C —1850 — —1650
+175°C —1830 — —1625
0°C —1020 - -
Voune +25°C —980 - —
+175°C —920 - -
Output Threshold Voltage Vin=Vis or Viea - mV
0C - - —1645
Vorc +25°C - - —1630
+175°C — - —1605
G Vol 0°C —1145 — —840
Vis uaranteed Input Voltage T25C 1105 — 810
High for All Inputs
+75C —1045 - —720
Input Voltage - mV
G 4 Vol 0°C —1870 — —1490
Vi uaranteed Input Voltage +25C 1850 — 1475
Low for All Inputs
+175°C —1830 - —1450
I Vin=Vina 0 to +75°C - - 220
Input Current cs . 0.5 — 170 KA
I Vin=ViLs 0 to +75C
Others —50 = —
All Input and Output N Ta=0C —200 —160 -
Supply Current Iee nplf and Output Open : mA
Test Pin 12 Ta=175C — —145 —

® AC CHARACTERISTICS (Vee=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs - - 10 ns
Chip Select Recovery Time trcs — — 10 ns
Address Access Time taa - 15 25 ns

2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 25 15 — ns
Data Setup Time twsp 2 — — ns
Data Hold Time twio 2 - - ns
Address Setup Time twsa tw=25ns 3 — — ns
Address Hold Time twha 2 — - ns
Chip Select Setup Time twscs 2 — — ns
Ship Selett Hold Time twhcs 2 — — ns
Write Disable Time tws — — 10 ns
Write Recovery Time twr — — 10 ns
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e HM10474

3. RISE/FALL TIME

Item Symbol o Test ()an;{iwz‘ior ' max Unit
Output Rise Time t, o T ‘ — ns
Output Fall Time ty n ! - ns
4. CAPACITANCE

Item Symbol ‘H-.s« neiti ) r . ;,_ typ max Unit
Input Capacitance Cin o Ai 4 - pF
Output Capacitance C.ou ‘ 7 — pF

ETEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit h

T Vec(GND)
Dout
M.U.T.
RL = CL v~ 1,~2.0ns
0.01xF = —2.0V RL=50Q
;; Vee Cr=30pF (includes
probe and jig
capacitance

3. READ MODE

4. WRITE MODE

G 50% 54\ 50%/

Address

————

— weo  X50% 50% Wi
WE
wWsa ™ IWHCS
——— — ——
50% 50%
Dout twscs
tws twr
1
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Iez (mA)

Supply Current

taa (ns)

Address Access Time

Chip Select Access Time tacs (ns)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

200
180 ~
\\
:
160 ~ -
w
\ f
]
© S
2
£
5
o
=
12 2
5
w
Vee=-5.20V
80
~20 20 40 60 80 100

Ambient Temperature Ta (°C)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

25
“a
£
2 3
@
£
| — £
15 @
8
3
<
10 a
2
2
<
5
Vee=—5.20V
0
=20 0 20 40 60 80 100

Ambient Temperature Ta ('C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

12
10 2
3
N
8 g
c
H
- @
6 = S
L—1 <
L— s
L, L1 3
P o
4 %2}
a
=
o

2

Vee=—-5.20V
0
-20 20 40 60 80 100

Ambient Temperature Ta (C)

@ HITACHI

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200

180

160

140

120

100

Ta=25C

|

—5.72 —5.20

—4.68

Supply Voltage Vee (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

30
25
20
15
10
5
Ta=25C
0
—5.72 —5.20 —4.68

Supply Voltage Vee (V)

CHIP SELECT ACCESS TIME

vs. SUPPLY VOLTAGE

Ta =l25'C

—5.72 —5.20

Supply Voltage Vee (V)

—4.68




Write Pulse Width tw (ns)

HM10474

WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
30 30
25 25
20 “: 20
£ —
15 = 15
z
10 2 10
=
5 5
Vee=—5.20V Ta=25C
0 0
-20 0 20 40 60 80 100 —5.72 —5.20 —4.68

Ambient Temperature Ta (°C) Supply Voltage Vee (V)
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HM100415 Preliminary

1024-word X 1-bit Fully Decoded Random Access Memory
The HM100415 is a 1024-word x 1-bit, read/write random access
memory developed for application to scratch pads, control and
buffer storages which require very high speeds.

The HM100415 is compatible with the HD100K families and
includes on-chip voltage and temperature compensation for im-
proved noise margin. This memory is encapsulated in cerdip-16pin
package.

B FEATURES
® Llevel ........ciiiiiiiiiiinennn. 100K ECL Compatible
® Organization ...........ovvvvvevenenn 1024-word by 1-bit
® Address Access TiMe ........covevenennnennns 10ns (max)
® ChipSelect Access Time .........covvueunenn.. 5ns (max.) (DG-16A)
® Power Consumption ..........ccoovevennn. 0.6mW/bit (typ)
® Output Obtainable by Wired-OR (open emitter) I PIN ARRANGEMENT
® Compatible with Fairchild F100415. \_J
B TRUTH TABLE out [1] [16] vee
Ao 2 15§ Din
— 12‘.‘.‘ Output Mode j_
cs WE Din A E _x'T_‘ cs
H x X L Not Selected —_
P A} 4 E WE
L L L L Write “0
L L H L Write “1” Asfs 22]'\'
L H X Dout* Read A E 1] A
Notes) X : Irrelevant
#* : Read Out Noninvert As}) 7 E Ar
EBLOCK DIAGRAM e [1] og
A»—_I-_ . (Top View)
Ao—roF &, H 32x32
o 3 I e
Write Drivers G—"C_S
and Sense Amp +—
X Address
Decoder
._:::C]’—"'""
As As A1 As A

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 A%
Input Voltage Via +0.5 to Vee \%
Output Current Tow —30 mA
Storage Temperature Tue —65 to +150 °‘C
Storage Temperature Tue(Bias)* —55 to +125 °‘C

#* Under Bias

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifications.
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HMELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

HM100415

Item Symbol Test Condition min (B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Vin=Vina or ViLs
Vou —1810 —1715 —1620 mV
Vonc —1035 — — mV
Output Threshold Voltage Via=Vius or Viea
Vorc - — —1610 mV
Via Guaranteed Input Voltage —1165 - —880 mV
Input Voltage
Vo High/Low for All Inputs —1810 — —1475 mV
Iw Via=Vina - — 220 KA
Input Current cs 0.5 — 170
I Via=ViLs HA
Others —50 — —
Supply Current Iee All Inputs and Outputs Open —200 —150 — mA

®AC CHARACTERISTICS (Vee=—4.5V £5%, Ta=0 to +85C, air flow

1. READ MODE

exceeding 2m/sec)

Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs — 3 5 ns
Chip Select Recovery Time trcs — 3 5 ns
Address Access Time taa - 7 10 ns
2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4 - ns
Data Setup Time twsp 2 0 — ns
Data Hold Time twio 2 0 - ns
Address Setup Time twsa tw=6ns 2 0 — ns
Address Hold Time Ewna 2 0 - ns
Chip Select Setup Time twscs 2 0 — ns
Chip Select Hold Time twiucs 2 0 - ns
Write Disable Time tws - 3 5 ns
Write Recovery Time twr — 3 5 ns
3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time tr — 2 — ns
Output Fall Time tr - 2 — ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin - 3 - pF
Output Capacitance Cout - 5 — pF
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HM100415

B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit

2. INPUT PULSE

-0.9V

T Vec(GND)
-L7v
t
Dout t-=t;=2.0ns typ
M.U.T.
R ; CL
0.01uF ‘[ 2.0V RL=50Q
; Ver CL=30pF (includes
probe and jig
capacitance)
3. READ MODE
Address 50%
LAA
Dout 50%
4. WRITE MODE
cs 50% K —————————————————————————— / 4

D G .
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HM100422,HM100422F

256-word X 4-bit Fully Decoded Random Access Memory

The HM100422 is ECL 100K compatible, 256-word x 4-bit, read
write, random access memory developed for high speed system such
as scratch pads and control/buffer storages.

Four active Low Block Select lines are provided to select each block
independently.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM100422 is encapsulated in cerdip-24pin package, or 24pin
flat package compatible with Fairchild’s F100422.

HM100422

(DG-24A)

B FEATURES

256-word x 4-bit organization

Fully compatible with 100K ECL level
Address access time: 10ns (max.)

Minimum write pulse width: 6ns (min.)

Low power dissipation: 0.8mW/bit

Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— Output Mode
BS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes) X :Irrelevant
* ! Read Out Noninvert
B BLOCK DIAGRAM ’% "‘r‘ '}I;
[ Y-Decoder/Driver l

U U U U

Memory Cell Array
256 Words X4 Bits

I4
?
X-Decoder/Driver

Block 1 Block 2 Block 3 Block 4

g U U U

R/W Circuit | R/W Circuit | R/W Circuit | R/W Circuit

IR RS
g 458858 835 ¢

® HITACHI

&
7

BS: o
o

bh

HM100422F

(FG-24)

B PIN ARRANGEMENT
®HM100422

o
bO: E
=0
vor [4]
=
on [
vtz [7]
W[
NG
Mm
o
vee [1z]

N\

4| Vee

E DO

1] bOs

[15] v
Elux:
17] &
[16] &
E]Ax
EA-

(Top View)

®HM100422F

Al Ao VeE A7

Anaang

24

s
[0 m—

23 22 21 20

9 10 11

19

Bk
2

18]

4 m—
16— Jui

15 IDh
Y -

1300

12

JUUn

Vec Veea DO
(Top View)

U

BS
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HM100422, HM100422F

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 v
Input Voltage Via +0.5 to Vee v
Output Current Tow —30 mA
Storage Temperature Tos —65 to +150 °C
Storage Temperature Tus(Bias)* —55 to +125 °C

* Under Bias

B ELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=50Q to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min (B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Via=Vina or ViLs
Vo —1810 —1715 —1620 mV
Vone —1035 — - mV
Output Threshold Voltage Vin=Vins or ViLs
Vorc - - —1610 mV
Vi Guaranteed Input Voltage —1165 - —880 mV
Input Voltage
ViL High/Low for All Inputs —1810 — —1475 mV
In Vin=Vina — — 220 KA
Input Current BS 0.5 — 170
I Vin=ViLe KA
Others —50 — —
Supply Current Iee All Inputs and Outputs Open —200 —165 — mA

® AC CHARACTERISTICS (Vee=—4.5V £5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE

Item Symbol Test Condition min typ max Unit
Block Select Access Time tass - - 5 ns
Block Select Recovery Time tres — — 5 ns
Address Access Time taa — 7 10 ns
2. WRITE MODE

Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=2ns 6 4.5 — ns
Data Setup Time twsp 2 0 — ns
Data Hold Time twnp 2 0 — ns
Address Setup Time twsa tw=6ns 2 0 — ns
Address Hold Time twha 2 0 - ns
Block Select Setup Time twsss 2 0 — ns
Block Select Hold Time twiss 2 0 — ns
Write Disable Time tws — 4 ns
Write Recovery Time twr — 4.5 ns
3. RISE/FALL TIME

Item Symbol Test Condition min typ max Unit
Output Rise Time tr — 2 — ns
Output Fall Time tr — 2 — ns
4. CAPACITANCE

Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 4 — pF
Output Capacitance Cout — 7 — pF
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B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit

T Vec(GND)

MU.T.

] !
0.01uF Ves —20V
; RL=50Q

CL=30pF(inciudes
probe and jig
capacitance)

3. READ MODE

4. WRITE MODE

2. INPUT PULSE

—o9v -

80%

| |

| |
-1V o -
i [
!"‘.l l'-‘-l

T i

t,=t;=2.0ns typ

20%

Address X
|
|

o taa |

|
|
Dout X

50"47/~

Din 0%,

—— e e e e - ——

Dour

G HITACHI

HM100422, HM100422F
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HM100470

4096-word X 1-bit Fully Decoded Random Access Memory

The HM100470 is a 4096-words x 1-bit, read/write, random access
memory developed for high speed systems such as scratch pads and

control buffer storages.

The fabrication process is the Hitachi's low capacitance, oxide

isolation method with double metalization.

The HM100470 is compatible with the HD100K ECL families and
includes on-chip voltage and temperature compensation for im-
proved noise margin. This device is encapsulated in cerdip-18pin

package, compatible with Fairchild’s F100470.

B FEATURES

® 4096-word x 1-bit organization

B TRUTH TABLE

Full compatible with 100k ECL level
Address access time:  25ns (max)
Write pulse width:
Low power dissipation: 0.2mW/bit

Output obtainable by wired-OR (open emitter)

25ns (min)

Input
— — Output Mode
CS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout* Read
Notes) X : Irrelevant
* . Read Out Nonivert
B BLOCK DIAGRAM
Ao 00—
A o . 64%61
vo— §3% | £ [ Memory cen
A3 o— E é T Array
A o— < =
Dout
A 0—

—— |

Sense Amp and
Write Drivers

[

Y Address
Decoder

e = % =z o =

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \%
Input Voltage Vi +0.5 to Vee \%
Output Current Lou —30 mA
Storage Temperature Tois —65 to +150 °C
Storage Temperature Tus(Bias)* —55 to +125 °C

* Under Bias
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HPIN ARRANGEMENT

e ]
o[
o[5
in
NG
W[5
o]
v
w3

\J

[17] vin
6] s
15 | WE
ol
[13] Aw
ol
op
E]m

(Top View)




BELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vez=—4.5V, R.=50Q to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

HM100470

Item Symbol Test Condition min(B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Vin=Vina or ViLs
Voo —1810 | —1715 —1620 mV
Vone —1035 - — mV
Output Threshold Voltage Via=Vins or Vira
Vorc - — —1610 mV
Input Voltage Vin Gl.laranteed Input Voltage —1165 - —880 mV
Vie High/Low for All Inputs —1810 — —1475 mV
In Vin=Vina - — 220 KA
Input Current CS 0.5 — 170
In Vin=ViLs KA
Others —50 — —
Supply Current Tee All Inputs and Outputs Open —200 —165 — mA
® AC CHARACTERISTICS (Vie=—4.5V £5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs — — 10 ns
Chip Select Recovery Time tres — — 10 ns
Address Access Time taa - - 25 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 25 - — ns
Data Setup Time twsp 2 — — ns
Data Hold Time twhp 2 — — ns
Address Setup Time twsa tw=25ns 3 — — ns
Address Hold Time twha 2 — - ns
Chip Select Setup Time twscs 2 — — ns
Chip Select Hold Time twics 2 — — ns
Write Disable Time tws — - 10 ns
Write Recovery Time twr - — 10 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time t, - 2 — ns
Output Fall Time ty — 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 3 — pF
Output Capacitance Cou — 5 - pF
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HM100470

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
T est Circuit
T Vec(GND) -o9v
=1LV
Dout "
M.U.T. t-=t/=2.0ns typ
RL ; CL
0.01uF '[ =20V RL=50Q
; Vas C:=30pF(includes
probe and jig
capacitance)
+
3. READ MODE
& 50% Address 50%

tacs: tRCS: tAA
80%
Dout | 50% Dout 50%

7[' Tzo% VAN
12 Ui

4. WRITE MODE

cs 50% 4

~_ T /
Address 50%>< —————————————————— > (
P N 20
1, -
e-tun
W-E l- SOVx ————— (
tws -8 \___/_ WA
L*—tu‘su L
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HM100474, HM100474F

1024-word X 4-bit Fully Decoded Random Access Memory

The HM100474 is a 1024-words x 4-bit, read/write, random access
memory developed for high speed systems such as scratch pads and
control/buffer storages.

The fabrication process is the Hitachi’s low capacitance, oxide
isolation method with double metalization.

The HM100474 is compatible with the HD100K ECL families and
includes on-chip voltage and temperature compensation for im-
proved noise margin. This device is encapsulated in cerdip-24-pin and
flat 24pin package, compatibie with Fairchiid’s F 100474.

M FEATURES

® 1024-word x 4-bit organization

Fully compatible with 100k ECL level

Address access time: 25ns (max)

Write pulse width: 25ns (min)

Low power dissipation:  0.2mW/bit

Output obtainable by wired-OR (open emitter)

B TRUTH TABLE

Input
— — Output Mode
Cs WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write “17
L H X Dout* Read
Notes) X : Irrelevant
* : Read Out Nonivert
EBLOCK DIAGRAM
As A7 As Ay
O S S {
L Y-Decoder/Driver J
3T Jr 17 i}
—
Ao
b 5 Memory Cell Array
Ao Z 1024Words x 4 Bits
a
Hm
Az 0— + H
As o ,30
>
A¢ 0—
Block 1| Block 2 | Block 3 | Block 4
As o

||

=
m

3
o ircuit ircuit

Ccs
2 848 €484 g8 8

HBABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5 to —7.0 A%
Input Voltage Via +0.5 to Vee v
Output Current Tout —30 mA
Storage Temperature Tos —65 to +150 °C
Storage Temperature T, (Bias)* —55 to +125 °C

* Under Bias

® HITACHI

HM100474

{DG-24A)

HM100474F

(FG-24)

B PIN ARRANGEMENT

®HM100474
ot 1] B [24] o1
DI« E le_s
vor[+ ] 21] &
00e 5 | B
Vee E E Ar
VCCAE E Vee
pos 8] 7] &
DO-E E NC
nf10 E] A
A E E A
& 12 3] &
(Top View)
®HM100474F
A A A1 Vee As NC
RIRIRIRIRIN
B o= oa » B

W_EEI
5§|:2
ou[ |3
Dlch
Dl;[:s
o[ s

10

11 12

DOy

LT

LU

DOz Vcc Veea DO3 DOs

(Top View)
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HM100474, HM100474F

HMELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vee=—4.5V, R.=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min(B) typ max (A) Unit
Vou —1025 —955 —880 mV
Output Voltage Via=Vina or ViLs
VoL —1810 —1715 —1620 mV
Output Threshold Voltage Vore Via=Viue or Vi 0% — — il
Vorc — — —1610 mV
Input Voltage Vin G|‘xaranteed Input Voltage —1165 - —880 mV
Vie High/Low for All Inputs —1810 — | —1475 mV
In Vin="Vina — - 220 KA
Input Current CS 0.5 — 170
I Via=Vis KA
Others —50 — —
Supply Current Iee All Inputs and Outputs Open —200 —165 — mA
®AC CHARACTERISTICS (Ver=—4.5V 5%, Ta=0 to +85°C, air flow exceeding 2m/sec)
1. READ MODE
Item Symbol Test Condition min typ max Unit
Chip Select Access Time tacs — — 10 ns
Chip Select Recovery Time trcs — — 10 ns
Address Access Time taa - 15 25 ns
2. WRITE MODE
Item Symbol Test Condition min typ max Unit
Write Pulse Width tw twsa=3ns 25 15 - ns
Data Setup Time twsp 2 — — ns
Data Hold Time twho 2 — — ns
Address Setup Time twsa tw=25ns 3 — - ns
Address Hold Time twha 2 - — ns
Chip Select Setup Time twscs 2 — — ns
Chip Select Hold Time twics 2 — — ns
Write Disable Time tws — - 10 ns
Write Recovery Time twr — — 10 ns
3. RISE/FALL TIME
Item Symbol Test Condition min typ max Unit
Output Rise Time t, — 2 — ns
Output Fall Time ts — 2 — ns
4. CAPACITANCE
Item Symbol Test Condition min typ max Unit
Input Capacitance Cin — 4 - pF
Output Capacitance Cou — 7 - pF
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B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE

Test Circuit —o9v _

T Vec(GND) ' -

|
[}
]
]
Dout -1.7V I !
M.U.T. .
I 1

tr

Fu ; G tr=ty=2.5ns
0.014F H -20V  RL=50Q
;. Ve Ct=30pF(includes
probe and jig

capacitance)

3. READ MODE

J— 50% Address 50%

| tRCS |

taa

4. WRITE MODE

cs 50% \

Address 50% 50% <

— twsp \ 50% 50% WHA
WE
Wsa v IWHCS
50% 50%
Dout twscs
ws IWR
1

@ HITACHI
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HM100474, HM100474F

Supply Current Iee (mA)

Address Access Time taa (ns)

Chip Select Access Time tacs (ns)

282

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

200

180

™~

T~

160

~

120

100

Vee=—4.50V

80

=20 0 20 40 60 80

Ambient Temperature Ta (C)

ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE

30
25
20

’——
15
10

Vee=—4.50V

5
0
=20 20 40 60 20

Ambient Temperature Ta ('C)

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

S

12
10

8

L~
6 ]
/
4
Vee=—4.50V

2

0

-20 20 40 60 80

Ambient Temperature Ta (°C)

G HITACHI

Supply Current Izg (mA)

Address Access Time a4 (ns)

Chip Select Access Time tacs (ns)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

200
180
—
—
[ ——

160

140

120

100

Ta=25C|

80 ~a95 ~a50 "a05

30

Supply Voltage Vee (V)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

30

25
20
15 —
Ta=25C
5
0 —4a0c —4 ‘0 _4&5
Supply Voltage Vee (V)
CHIP SELECT AGCESS TIME
vs. SUPPLY VOLTAGE
12
10
8
6
4
Ta=25C|
2
0 —4.95 —4.50 —4.05

Supply Voltage Vee (V)




Write Pulse Width tw (ns)

WRITE PULSE WIDTH vs.
AMBIENT TEMPERATURE

30

25

Vee=—4.50V

20 40 60 80 100

Ambient Temperature Ta ('C)

O HITACHI

Write Pulse Width tw (ns)

WRITE PULSE WIDTH vs.
SUPPLY VOLTAGE

25

20

Ta=25C

—4.95 —4.50

Supply Voltage Vee (V)

—4.05

HM100474, HM100474F
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HM2504, HM2504-1

256-word X 1-bit Fully Decoded Random Access Memory

The HM2504 Series item is a TTL compatible, 256-word x 1-bit,
read/write random access memory developed for application to
buffer memories, control memories, high-speed main memories, etc.
This is a fully decoded, read/write random access memory perfectly
compatible with the standard DTL and TTL logic family, designed as
an open collector output type for simplicity of expansion.

Level

Chip select access time .........
Power consumption

Output

B TRUTH TABLE

TTL compatible
256-word x 1 bit
HM2504: 55ns (max)
HM2504-1: 45ns (max.)
30ns (max.)

1.8mW/bit (typ)

Open collector

Inputs Output
— — Open Mode
CS WE Din Collector
any one H X X H Not Selected
all L L L H Write “0”
all L L H H Write “1”
all L H X Dout* Read
Notes) X : Don’t care
* ! Read out inverted
B BLOCK DIAGRAM
16X 16
Memaory
Cells
Dout

Y Address
Decoder

Sense Amp

[e]
Ed

|

O
4

|

and
Write Drivers

A A A A

o
4

TR

B ABSOLUTE MAXIMUM RATINGS

(DG-16)

HPIN ARRANGEMENT

%o
N5
=
5
5
Dout E
NG
GND E

~ @

=]
opt
3]

13| Din
12| WE

l

=

>

>

LJEIEITE]

Item Symbol HM2504, HM2504-1 Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 v
Input Current L —12 to +5.0 mA
Output Voltage (Output High) Vour —0.5 to +5.5 \%
Output Voltage (DC Output Low) Tow +20 mA
Storage Temperature Tae —65 to +150 °C
Storage Temperature Tue(Bias)* —55 to +125 °C

* Under Bias
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HMELECTRICAL CHARACTERISTICS
®DC CHARACTERISTICS (Vec=5.0V 5%, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2504, HM2504-1

HM2504 Series
Item Symbol Test Condition - Unit
min typ max
Output Voltage Vor Vee=4.75V, Io.=16mA — 0.3 0.45 v
Vin Guaranteed Input Voltage High 2.0 1.6 — A
Input Voltage
ViL Guaranteed Input Voltage Low — 1.5 0.85 A%
Lin Vee=5.25V, V..=4.5V — 0 20 KA
Input Current
In Vee=5.25V, Vi.=0 - —530 —800 KA
Output Leakage Current Icex Vee=5.25V, V..=4.5V — 0 50 KA
Input Clamp Voltage Vi Vee=5.25V, [..=—10mA - —1.0 —1.5 \Y%
Vee=5.25V 0< Ta<25C — — 135 mA
Supply Current Icc .
All input GND Ta=25C — — 130 mA
® AC CHARACTERISTICS
(Vec=5.0V 5%, Ta=0 to +75°C, air flow exceeding 2m/s, see test circuit and waveforms)
1. READ MODE
HM2504 HM2504-1
Item Symbol Test Condition " - Unit
min typ max min typ max
Chip Select Access Time tacs — 12 30 - 12 30 ns
Chip Select Recovery Time trcs — 18 25 — 18 25 ns
Address Access Time taa — 35 55 - 30 45 ns
2. WRITE MODE
HM2504 HM2504-1
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=0Ons 30 8 - 30 8 - ns
Data Setup Time twsp 0 0 — 0 0 — ns
Data Hold Time twhp 5 0 - 5 0 - ns
Address Setup Time twsa tw=30ns 0 0 — 0 0 — ns
Address Hold Time twHA 5 0 - 5 0 — ns
Chip Select Setup Time twscs 0 0 — 0 0 — ns
Chip Select Hold Time twies 5 0 — 5 0 — ns
Write Disable Time tws — 14 35 - 14 35 ns
Write Recovery Time twr — 12 40 — 12 40 ns
3. CAPACITANCE
HM2504 HM2504-1
Item Symbol Test Condition - Unit
min typ max min typ max
Input Capacitance Cin - 3 5 — 3 5 pF
Output Capacitance Cout - 6 8 — 6 8 pF
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HM2504, HM2504

-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

o

3. READ MODE

T

Vee ‘
Vee 3.5Vp.p /
300Q 10%
\

Dout 0

16 10 - -.10
n ns
HM2504 % ¢ ¢
or 30pF

HM2504-1

8

' / e X

2. INPUT PULSE

90%

Note:Cv includes jig and stray capacitance

Dout

T Dout
—tacs L Res —————tas

4. WRITE MODE

(All time measurements refer to 1.5V)

As~Ay
Address

X X

e

Dout

f——1tw
l-l wsn\J JéwnuJ t WA ——|

twhes

po——t WS4 ——

twscs

286
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(All time measurements refer to 1.5V)
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(mA)

Input Current lis

mA)

Supply Current Icc (

Supply Current Iee (mA)

INPUT CHARACTERISTICS

Ta=100C
s 17
-30
0
-05
-10
Ta=100C
-15
25
=30
-20
Bt 1 ; & 10
Input Voltage Vis (V)
SUPPLY CURRENT vs.
AMBIENT TEMPERATURE
120
—
100 ]
\
80
60
= Vee =5.25V
e All Iput Low Level
20
0

20 20 40 60 80 100

Ambient Temperature Ta ('C)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

120
100

80 ,/

. /[

40 /

2

Y
0 1 r 6

Supply Voltage Vcc (V)

Output Current les (mA)

Address Access Time taa (ns)

G HITACHI

OUTPUT CHARACTERISTICS
30
25 /
20

ﬂ Ta=100C

i
30

=3

/
IV
7/

0 0.1 0.2 0.3 0.4 0.5 0.6

Output Low Level
|

Output Voltage Vour (V)

ADDRESS ACCESS TIME vs.

AMBIENT TEMPERATURE
70

60
s0 HMHmsm //
2504- 1
~
40 —
L —
I

20
10

-20 20 40 60 R0 100

Ambient Temperature Ta (C)

HM2504, HM2504-1
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HM2510, HM2510-1,
HM2510-2

1024-word X 1-bit Fully Decoded Random Access Memory

The HM2510 Series item is a 1024-word x 1-bit read/write random
access memory developed for application to buffer memories,
control memories, high-speed main memories, etc. It is a fully
decoded, read write, random access memory perfectly compatible
with standard DTL and TTL logic families, designed as an open
collector output type for simplicity of expansion.

® level ......ociviiiiinnnnans TTL compatible
® Construction ................ 1024-word x 1 bit
® Read accesstime ............. HM2510: 70ns (max.)

HM2510-1: 45ns (max)
HM2510-2: 35ns (max.)
Chip select access time ......... HM2510: 40ns (max.)
HM2510-1: 30ns (max.)
HM2510-2: 25ns (max.)
® Power consumption ........... 0.5mW/bit
@ Output .......ccvtvennnnnnnn Open collector

B TRUTH TABLE

Inputs
— — Output Mode
CSs WE Din
H X X H Not Selected
L L L H Write “0”
L L H H Write “1”
L H X Dout* Read
Notes) X : Don't care
* . Read out non-inverted
B BLOCK DIAGRAM
Ago—
Aro— § “ 32X32
.:z 3 -§ Memory
jo——— < g Cell
Ajo—rno > ’_,r\, Dout
d L ~e
S
ens:nAmp Y — < I Cs
Write Drivers]

Il =

Y Address
Decoder

As As A7 As Ag
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B PIN ARRANGEMENT

cs E ~ E Vee
W [ ] o
A E E] WE
W )

(Top View)




M ABSOLUTE MAXIMUM RATINGS

Item Symbol HM2510 Series Unit
Supply Voltage Vee —0.5 to +7.0 A
Input Voltage Via —0.5 to +5.5 A
Input Current Lia —12 to +5.0 mA
Output Voltage (Output High) Vou —0.5 to +5.5 v
Output Voltage (DC Output Low) Tow +20 mA
Storage Temperature Tots —65 to +150 °C
Storage Temperature Tus(Bias)* —55 to +125 °C

* Under Bias

BELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Vcc=5.0V £5%,

Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2510, HM2510-1, HM2510-2

HM2510 Series
Item Symbol Test Condition - Unit
min typ max
Output Voltage Vou Vecec=4.75V, ToL=16mA — 0.3 0.45 \"
Vin Guaranteed Input Voltage High 2.1 1.6 — A"
Input Voltage
Vic Guaranteed Input Voltage Low — 1.5 0.80 v
I Vce=5.25V, Vi.=4.5V — 0 40 HA
Input Current Iinz Vee=5.25V, Vi.=5.25V — 0 1.0 mA
In Vec=5.25V, Vin=0.4V — —250 —400 HA
Output Leakage Current Icex Vce=5.25V, Vou=4.5V — 0 100 KA
Input Clamp Voltage Vi Vece=5.25V, Ii.=—10mA — —1.1 —1.5 v
Vce=5.25V 0< Ta<25°C - — 155 mA
Supply Current Icc X -
All input GND Ta=225C - 95 130 mA
®AC CHARACTERISTICS (Vcc=5.0V +5%, Ta=0 to +75C, air flow exceeding 2m/sec)
1. READ MODE
HM2510 HM2510-1 HM2510-2
Item Symbol Test Condition Unit
min | typ | max | min | typ | max [ min typ | max
Chip Select Access Time tacs — 15 40 — 30 — 15 25 ns
Chip Select Recovery Time tres 25 40 30 — 17 25 ns
Address Access Time taa — 40 70 — 35 45 — 25 35 ns
2. WRITE MODE
HM2510 HM2510-1 HM2510-2
Item Symbol Test Condition Unit
min typ max | min typ max | min typ max
Write Pulse Width tw twssa=min 5 | 10 | — |3 | 10| — |2 | 10| — | ns
Data Setup Time twsp 5 0 — 5 — — 5 0 — ns
Data Hold Time twrp 5 0 - 5 - - 5 0 — ns
Address Setup Time twsa tw=min 15 0 - 5 — — 5 0 — ns
Address Hold Time twha 5 0 — 5 — — 5 0 — ns
Chip Select Setup Time twscs 5 0 - 5 - - 5 0 - ns
Chip Select Hold Time twics 5 0 - 5 — — 5 0 — ns
Write Disable Time tws - 20 40 - 20 35 - 15 25 ns
Write Recovery Time twr — 30 55 — 30 45 — 15 25 ns
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HM2510, HM2510-1, HM2510-2

3. CAPACITANCE

HM2510 Series
Item Symbol Test Condition Unit
min typ max
Input Capacitance Cin — 3 5 pF
Output Capacitance Cout — 6 8 pF
B TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
Vee
90%
Vee
$ 3000 el
10%
ov
16 ; Dout L
HM2510 §> L g&pf-‘ 10ns 10ns
8
3. READ MODE

Dout

4. WRITE MODE

F—tacs

Ao~ Ay
Address

tRes

Dout

(All time measurements refer to 1.5V)

po—————1t 44

Ao~ Ay
ADDRESS

Dout

IWSDX

= LY

twses

290

tws

| D— Y

(All time measurements refer to 1.5V)
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Input Current Iin (mA)

Supply Current Icc (mA)

Supply Current Icc (mA)

HM2510, HM2510-1, HM2510-2

INPUT CHARACTERISTICS OUTPUT CHARACTERISTICS
05 Ta=100C 3
[25——
=307
0 / 25 V
~ Ta=100C j
-0.5 E 2 25 /[/
: .Y/
-10 =100°C H 15
12:5. 100°C E /7
-15 ~30 g w /
Voo =5.00V
=20 5 // O‘u‘tput L:;‘w Level ~ |
Vee =5.00V i i
/ ||
—-2 0 2 4 6 8 10 0 0.1 0.2 0.3 0.4 0.5 0.6
Input Voltage Vi (V) Output Voltage Vewr (V)
SUPPLY CURRENT vs. ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
120 a0
\ 70
100 —] =
\ 2
80 2 HM 2510
i’: 0 i
s 1M 251041
60 % m;".ln\.;' )
H - |
40 < —
2 30 \ —
Ve =5.25V — |
20 All Input GND ™| 2
=20 o 20 10 L R o0
0 Ambient Temperature Ta ('C)
-20 Q 20 40 60 80 100

Ambient Temperature Ta (C)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE
120

100 ]
" e

% //
40
20 /
0 1 2 4 6

Supply Voltage Vec (V)
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HM2511, HM2511-1

1024-word X 1-bit Fully Decoded Random Access Memory

The HM2511 Series item is a 1024-word x 1-bit read/write random
access memory with three-state output developed for application to
buffer memories, control memories, high-speed main memories, etc.
It is a fully decoded, read/write, random access memory perfectly
compatible with standard DTL and TTL logic families.

® level ..........ciiiiiinnn. TTL compatible
® Construction ................ 1024-word x 1 bit
® Read accesstime ............. HM2511: 70ns (max)
HM2511-1: 45ns (max)
® Chip select access time ......... HM2511: 40ns (max)
HM2511-1: 30ns (max)
® Power consumption ........... 0.5mW/bit
® Output ..........coinnvnnn. three-state
HTRUTH TABLE
Input
— — Output Mode
CS WE Din
H X X High Z Not Selected
L L L High Z Write “0”
L L H High Z Write “1”
L H X Dout* Read

Notes) X : Don't care

%  Read out noninverted

EBLOCK DIAGRAM

A0o—-—o
Ao— ¢
Az0—
Ao——— 7
Ao— 7

32%32

wrd Drivers

W

Memory Cell

B ABSOLUTE MAXIMUM RATINGS

(DG-16A)

B PIN ARRANGEMENT

Dout

Item Symbol HM2511 Series Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 v
Input Current Iia —12 to +5.0 mA
Output Voltage (Output High) Vou —0.5 to +5.5 \'4
Output Voltage (DC Output Low) Tow +20 mA
Storage Temperature Ture —65 to +150
Storage Temperature Tue(Bias)* —55 to +125

* Under Bias
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B ELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Vcc=5.0V £5%, Ta=0 to +75°C, air flow

exceeding 2m/sec)

HM2511, HM2511-1

HM2511 Series

Item Symbol Test Condition - Unit
min typ max
Output Low Voltage Vor Vec=4.75V, ToL=16mA — 0.3 0.45 v
Vis Guaranteed Input Voltage High 2.1 1.6 — v
Input Voltage
Vi Guaranteed Input Voltage Low — 1.5 0.8
L Vec=5.25V, Vi.=4.5V - 0 40 HA
Input Current Iw: Vee=5.25V, Vin=5.25V - 0 1.0 mA
In Vee=5.25V, Vi.=0.4V — —250 —400 HA
Torra Vee=5.25V, Vou=2.4V - — 50 KA
Output Current (High Z)
Iorr2 Vee=5.25V, Veue=0.5V - - —50 KA
Output Current Short Circuit to Ground Ios Vece=5.25V, — — —100 mA
Output High Voltage Von Ton=—10.3mA, Vcc=5.0V £5% 2.4 - — A
Input Clamp Voltage Vi Vee=5.25V, Iia=—10mA — —-1.0 —-1.5 v
Vee=5.25V 0=Ta<25C - — 155 mA
Supply Current Icc X
All input GND Ta225C - 95 130 mA
®AC CHARACTERISTICS (Vcc=5.0V £5%, Ta=0 to +75°C, air flow exceeding 2m/sec)
1. READ MODE
HM2511 HM2511-1
Item Symbol Test Condition Unit
min typ max min typ max
Chip Select Access Time tacs - 15 40 — — 30 ns
Chip Select to High Z tzrcs — 20 40 — — 30 ns
Address Access Time taa - 40 70 — 35 45 ns
2. WRITE MODE
HM2511 HM2511-1
Item Symbol Test Condition Unit
min typ max min typ max
Write Pulse Width tw twsa=min 50 25 — 35 10 — ns
Data Setup Time twsp 5 [1} — 5 — — ns
Data Hold Time twhD 5 0 — 5 - — ns
Address Setup Time twsa tw=min 15 0 — 5 - — ns
Address Hold Time twra 5 0 — 5 — — ns
Chip Select Setup Time twscs 5 0 — 5 - — ns
Chip Select Hold Time twaes 5 0 — 5 - — ns
Write Disable to High Z taws - 20 40 — 20 35 ns
Write Recovery Time twr — 42 55 — 30 45 ns
3. CAPACITANCE
HM2511 Series
Item Symbol Test Condition Unit
min typ max
Input Capacitance Cin — 3 5 pF
Output Capacitance Cout — 9 11 pF
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HM2511, HM2511-1

B TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Vee
90%
Dout 33002 Dout 3.5Vpp
Hu2s11. fo00 L0 HM2511 ,Maa%"v; o 10%

- P et

10ns Ons
Losd A Load B

3. READ MODE

ts |

l

[
Dout T
Load A Dout |

! |
Dout ; 1
Load B HIGH Z L

(All time measurements refer to 1.5V)

4. WRITE MODE

N /]

lusn\§ 7/lwnb
1) a— ¥
Load A High Z
[—twr:
Load B
High Z

(All time measurements refer to 1.5V)

5. WRITE ENABLE TO HIGH Z DELAY

sv WE
1.5V
750Q .
Dout taws —————
l . / High Z
HM2511 S =5F Dout 0" Level f—1Yosv
S
‘soonT 17 Level
1 SNy
- Dout \\_ _ﬁi;_h z
Load C
6. PROPAGATION DELAY FROM Cs 15V (All tzxxx parameters are measured
CHIP SELECT TO HIGH Z rzncs— at a delta of 0.5V from the logic level
,r———m‘—h? and using Load C)
Dout 0" Level —A " )Yosv
"1 Level
—}osv
Dout N High Z
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B PROGRAMMING INFORMATION

Hitachi’s sophisticated Fine Emitter technology and programming
pulse method enables higher programmability and faster program-
ming time ordinary PROMs, for the highest reliability.

Fast programming time of typically 7.5us/bit is achieved with a fine
emitter cell which requires less programming energy; thus, negligible
thermal stress. Further, Hitachi advanced technology allows very
high programmability.

To assure that the element is programmed properly an additional
four programming pulses are applied immediately after a sense pulse
indicates conduction in the programmed (one programming pulse:
Series) bit. This high reliability feature virtually eliminates aluminum
migration in the programmed cell.

One extra row and one extra column of test cells, plus additional
circuitry built into the PROM chip, allow improved factory testing
of DC, AC and programming characteristics. These test cells and test
circuitry provide enhanced correlation between programmed and
unprogrammed circuits in order to guarantee high programmability
and eliability.

PROGRAMMED CELL (CROSS SECTION)

Alummum

z
3

Y/

/ N* Buried Layer

P Substrate

N P

/ P(Base)

N(Emitter)

The device is manufactured with outputs low (positive logic “‘zero’)
in all storage cells. To make an output high at a particular cell, a
junction must be changed from a blocking state to a conducting
state. This procedure is called programming.

A logic “one” can be permanently programmed into a selected bit
location. The desired bit for programming is selected using ten
address inputs to turn on transistors Q1 and Q2. By taking either (or
both) chip enable inputs high, the chip is disabled and transistor Q3
is held off. Then, a train of programming pulses applied to the
desired output flows through the junction into transistor Q1. This
programming current changes the junction to the conducting state.
The pulse train is stopped as soon as the sensed voltage indicates that
the selected bit is in the logic in state.

An additional 4 programming pulses (1 programming pulse: S-series)
are required to ensure that the bit is fully programmed, and to
achieve high reliability. One output must be programmed at a time,
since the internal decording circuit is capable of sinking only one
unit of programming current at time.

INTERNAL PROGRAMMING CIRCUIT

Y-addresses

1l

| ESp— |

Memory Cell

X-addresses

i

—O
Output

add
Y -aadresses

=)

Chip Enables

9\
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I HITACHI

PROMS AND PROGRAMMING CURRENT

Memory Size Organization Output N-Series S-Series
0.C. HN25044 (50ns max) -
4k 1kx4
3s HN25045 (50ns max) -
2kxd 0.C. HN25084 (60ns max) HN25084S (50ns max)
X
8k 3S HN25085 (60ns max) HN25085S (50ns max)
Lex8 0.C. HN25088 (60ns max) HN25088S (50ns max)
X
3s HN25089 (60ns max) HN25089S (50ns max)
0.C. — HN25168S (60ns max)
16k 2kx8
3S - HN25169S (60ns max)
Programming Current 130mA (typ) 90mA (typ)

Note) O.C.: Open Collector Output
3S [ Three State Output

Hitachi's PROM has two families in accordance with the program
specifications. They are usually discriminated by the suffix of the
model name. For the S-series PROM, the production technique
established for the N-series PROM is further improved to attain very

small memory cell area and chip area as well as high performance.

G HITACHI
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HN25044, HN25045

1024-word X4-bit Programmable Read Only Memory
The HITACHI HN25044 and HN25045 are high speed electrically
programmable, fully decoded TTL Bipolar 4096 bit read only
memories organized at 1024 words by 4 bits with on-chip address
decoding and two chip enable inputs. The HN25044 and HN25045
are fabricated with logic level “zeros” (low); logic level “‘ones’
(high) can be electrically programmed in the selected bit locations.
The same address inputs are used for both programming and reading.

B FEATURES
1024 words x 4 bits organization (fully decoded)

DTL/TTL Compatible inputs and outputs

Fast read access time; 30 ns typ. (50 ns max.)

Medium power consumption; 500 mW typ.

Two Chip enable inputs for memory expansion

Open collector outputs (HN25044)/Three-state outputs
(HN25045)

® Standard cerdip 18-pin package

HMBLOCK DIAGRAM

= Multiplexer Output Buffer O
409 Bit [
(oaxst) T
’lj Multiplexer —  Output Buffer :—O 02
Memory Cell ll ” ”J_l
Array '-. Multiplexer l—{  Output Buffer ——O 0s
—
[T
e Multiplexer | Output Buffer |1 o 0,
-
I__._.
Word Decoder Address
Chip Enable
Address Buffer Buffer
A Al A2 As A As As A1 As As TE CEx

W ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 v
Output Voltage Vour —0.5 to +5.5 v
Output Current Tou 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature Tae —65 to +150 °C

298 G HITACHI
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HN25044, HN25045

B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75C)
HN25044 HN25045

Item Symbol Test Condition - Unit

min typ max min typ max
Vi 2.0 — — | 2.0 - - v

Input Voltage
ViL - — 0.8 — - 0.8 A
Vou Ton=—2mA — — — | 2.4 — — \Y
Output Voltage
Voo ToL=16mA — — 0.45 — — 0.45 A
Lin Vig=2.7V - - 40 - — 40 KA
Input Current

In ViL=0.4V - — | —0.4 - — | —0.4 mA

Vour=5.5V - — 100 — — 100
Output Leakage Current Torx HA

Vour=0.4V - — 40 - - 40
Input Clamp Voltage Vi Lia=—18mA — — | —12 — — | —1.2 v
Power Supply Current Icc Input Either Open or at Ground - 100 130 — 100 130 mA
Output Short-circuit Current Tos Vour=0V - — —_ 15 30 60 mA
Input Capacitance Cin Vin=2V, Vcc=0V - 5 10 — 5 10 pF
Output Capacitance Cout Vour=0V, Vcc=0V — 7 12 — 7 12 pF

Notes: 1.

B AC CHARACTERISTICS (Vcc=4.75 to 5.25V,

Ta=0 to 75°C)

Typ. value is at Voc=5.0 V and
Ta=25C

Output disable time is the time
taken for the output to reach a
high resistance state when either
chip enable is taken high. Out-
put enable time is the time
taken for the output to become
active when both chip enables
are taken low. The high resist-
ance state is defined as a point
on the output waveform equal
to a AV of 0.5 V from the
active output level.

1.5V\K

tACE 17

2.
Item Symbol min typ max Unit
Address Access Time taa - 35 50 ns
Chip Enable Access Time tace — 20 30 ns
Chip Enable Disable Time toce — 20 30 ns
H SWITCHING WAVEFORMS
Chip Enable [lSV
ﬁ“’pdu""s f1sv 15V Input ]
toce 1"
o]
Output utput
or or
Output Output
B SWITCHING TIME TEST CONDITIONS
SWITCHING HN25044 HN25045
Vee PARAMETER R: R: C. R R: C.
taa 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
R tace “17 - - - o | 6000 | 10pF
tace “0” 300Q | 600Q | 10pF | 300Q | 6000 | 10pF
CL R toce “17 — — — oo | 6000 | 30pF
I toce “0” 3000 | 6000 | 30pF | 3000 | 600Q | 30pF

INPUT CONDITIONS
Amplitude - 0V to 3V
Rise and Fall time - 5ns from 1V to 2V
Frequency - IMHz

@ HITACHI
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HN25044, HN25045

B PROGRAMMING SPECIFICATION

Characteristic Limit Unit Notes
Ambient Temperature 2515 °C
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+0% —2% A%
Ramp Rate 70max V/us
Pulse Width 7.5+5% us 10V point/150Q load
Duty Cycle 70% min
Sense Current
Amplitude 20+0.5 mA
Clamp Voltage 20+0% —2% v
Ramp Rate 70max V/us 10V point /1500 load
Sense current interruption before and after address change 10min us
Programming Vecc 5.0+5% —0%
Maximum Sensed Voltage for programmed “1” 7.51+0.1
Delay from trailing edge of programming pulse before sensing 0. 7min us
output voltage
Programming Time Allocation/Bit 100max ms
Additional Programming Pulse Number 4 Time

HMTYPICAL WAVEFORMS

Vee /

Ao Vin

§
Ao Vie

TE
Programming Pulse

Sense Pulse
7.5V REF.

Sense Strobe

Additional Pulse Train
A

-~
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B TYPICAL DC CHARACTERISTICS

INPUT CURRENT vs.
INPUT VOLTAGE

° —7 ]
3 AN .
; \ N\ Vec=4.5V
= 1
H 5.0V
i1 I
8 N\ 55V
2
-1 0 1
Input Voltage Vin (V)
OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE
(HN25045)
0 7/
-10 ///
g
:: - //'/Q Vee=4.5V I
3 !
5 / 5.0V
; -30 / N |
g - N ssv
8 w0
-50
0 1 2 3 4 5

Output High Voltage Vou (V)

B TYPICAL AC CHARACTERISTICS

ACCESS TIME vs.
AMBIENT TEMPERATURE

(HN25044)
50
Vec=4.
40 ccl 4.5V
5.0V
E 5 y, /
3 T~
]
£
o 20
3
8 5.5V
<
10
[
-25 0 +50 +100

Ambient Temperature Ta ('C)

Output Low Current lor (mA)

Access Time 4 (ns)

HN25044, HN25045

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

100

80
Vee=5.0V

60

40 e

e

o /
0 200 400 600
Output Low Voltage Vor (mV)

ACCESS TIME vs.
AMBIENT TEMPERATURE
(HN25045)

40

Vee=4.5V

5.0V

%0 /

Al

20

5.5V

—25 0 +50 +100

Ambient Temperature Ta ('C)
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HN25044, HN25045

Disable Time toce (ns)

Enable Time tace (ns)

Delay Time Increase (ns)

302

DISABLE TIME vs.
AMBIENT TEMPERATURE

(HN25044)

Ve,

c=4.5V

N

=
——

e
e

Disable Time toce (ns)

5.0V
5.5V

HN25044

=25 0 +50

+100

Ambient Temperature Ta (C)

ENABLE TIME vs.

AMBIENT TEMPERATURE

(HN25044)

20

Vec=4.5

— |\

X

Enable Time tace (ns)

\

\ 5.0V

\

|

5.

5V

=25 0 +50 +100

Ambient Temperature

Ta (C)

DELAY TIME INCREASE vs.

LOAD CAPACITANCE
(HN25044)

40

30

20

Add to
toce "0 " Delay

Add to Access
Delay taa

Delay Time Increase (ns)

/ /
//‘

0 100

200 300

Load Capacitance CL (pF)

G HITACHI

DISABLE TIME vs.
AMBIENT TEMPERATURE
(HN25045)

I
I3

Vec=4.5V

=

N sov

5V
HN25045
0
-25 +50 +100
Ambient Temperature Ta ()
ENABLE TIME vs.
AMBIENT TEMPERATURE
(HN25045)
20
Vec=4.5V
10
)
\ \
5.0V
\
5.5V
. |
=25 0 +50 +100

Ambient Temperature Ta ('C)

DELAY TIME INCREASE vs.
LOAD CAPACITANCE
(HN25045)

40

30

Add to tace
Delay

| N
1

20

Add to /
Access Delay taa
] "]

0 100 200

Load Capacitance C (pF)
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HN25084, HN25085

2048-word X 4-bit Programmable Read Only Memories
The HITACHI HN25084 and HN25085 are high speed electrically

programmable, fully decoded TTL Bipolar 8192 bit read only
memories organized as 2048 word by 4 bit with on-chip address
decoding and one chip enable input. The HN25084 and HN25085
are fabricated with logic level ““zeros” (low); logic level “ones”
(high) can be electrically programmed in the selected bit locations.
The same address inputs are used for both programming and reading.

W FEATURES

® 2048 word x 4 bit organization (fully decoded)

® DTL/TTL compatible inputs and outputs

® Fast read access time: 40 ns typ. (60 ns max) (DG-18)

® Medium power consumption: 550 mW typ.

® One chip enable input for memory expansion B PIN ARRANGEMENT

® Open collector outputs (HN25084)/Three-state outputs _J
(HN25085) A 1 18| Vee

® Standard cerdip 18-pin dual in-line package a2 T_," Ar

Il OPERATION MEB E]A.

® Programming

A logic one can be permanently programmed into a selected bit ALt [15)a

location by using programming equipment. First, the desired word is af 5 1:410.

selected by the eleven address inputs in TTL level. The device is "'E Z’]‘)‘

disabled by bringing CE to a logic “one”. Then a train of high ol 1:2]0’

current programming pulses is applied to the desired output. After

the sensed voltage indicates that the selected bit is in the logic ““one” Ao 8] 110,

state, an additional pulse train is applied, then is stopped. G"DE [10]cE

® Reading

To read the memory the device is enabled by bringing CE to a logic (Top View)

“zero”. The outputs then correspond to the data programmed in the
selected word

SEIeCleC Worc.

BLOGIC DIAGRAM

Ao O————
A O———

Ao 8192 Bit

O——| Address | | 1:128 | (128X64)

A Buffer Decode

AcO——] Memory Cell Array
“

AsO——

AO——

I I I 1

As O———]

o— 1:16 1:16 1:16 1:16
M a‘:?f:“ Multiplexer | | Multiplexer | | Multiplexer | | Multiplexer

Aso——

ro—] I [ |

Output Output Output Output
Buffer Buffer Buffer Buffer

(j;z l((J; Il

3 0«

Chip T

|
Enable l
0

1

1

QTI
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HN25084, HN25085

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 \'
Output Voltage Vou —0.5 to +5.5 v
Output Current Toue 50 mA
Operating Temperature Tope —25 to +75 °C
Storage Temperature Tus —65 to +150 °C

B DC CHARACTERISTICS (Vcc

=4.75 to 5.25V,

Ta=0 to 75°C)

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vi 2.0 - — A%
Input Low Voltage Vio — . 0.8 v
Input High Current I Vi=2.7V — — 40 KA
Input Low Current —~In Vi=0.4V — - 0.40 mA
Output Low Voltage Vou Ioo=16mA — — 0.45
Output Leakage Current Tovka Vo=5.25V — — 100 KA
Output Leakage Current Tork: Vo=0.4V — — 40 HA
Input Clamp Voltage Vi Ii=—18mA — — —1.2 \Y
Power Supply Current Icc Inputs Either Open or at Ground — 110 150 mA
Output High Voltage* Vou To=—2mA 2.4 — — \Y
Output Short Circuit Current*} —J,s Vo=0V 15 — 60 mA
% Note: Applicable to HN25089 only.

B AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)

Characteristic Symbol Test Conditions min typ max Unit
Address Access Time taa - 40 60 ns
Chip Enable Access Time tace — 20 35 ns
Chip Enable Disable Time toce — 20 35 ns

Note) 1. Output Load: See Test Circuit.
2. Measurement Reference: 1.5V for both inputs and outputs.
H SWITCHING WAVEFORMS
Chip Enable (wv 1sv\
ﬁ‘(ipdl‘:ess ——]m Input _} . . k
toce 1" tacE 1"
f=—taa retas V.
Ve—0.5V

Output 15V 15V Output

or T or

Output Output
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B SWITCHING TIME TEST CONDITIONS

HN25084, HN25085

SWITCHING HN25084 HN25085
Vee PARAMETER R: R: C. R: R: C.
taa 3000 | 6000 | 30pF | 300Q | 600Q | 30pF
R
tace “17 = - - o | 600Q | 10pF
tace “0” 3000 | 6000 | 10pF | 300Q | 6000 | 10pF
C R
L;L toce “17 — —~ - o | 600Q | 30pF
toce “0” 3000 | 6000 | 30pF | 300Q | 600Q | 30pF
INPUT CONDITIONS
Amplitude —0V to 3V
Rise and Fall time—>5ns from 1V to 2V
requency — 1IMHz
B PROGRAMMING SPECIFICATION
Characteristic Limit Unit Notes
Ambient Temperature 25+5 °C
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+2% v
Ramp Rate 70max V/us
Pulse Width 7.5+5% us 10V point/150Q load
Duty Cycle 70% min
Sense Current
Amplitude 20+0.5 mA
Clamp Voltage 20+2% \Y%
Ramp Rate 70max V/pus
Sense Current Interruption before and after address change 10min Hs
Programming Vcc 5.0+5% —0% \Y%
Maximum Sensed Voltage for programmed “1” 7.510.1 v
Delay from trailing edge of programming pulse before sensing 0.7min us
output voltage
Programming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

B TYPICAL WAVEFORMS

ol
m|

Additional Pulse Train

A

Sense Pulse
7.5V REF.

Sense Strobe

®@ HITACHI
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HN285084S, HN25085S — Preliminary

2048-word X 4-bit Programmable Read Only Memories
The HITACHI HN25084S and HN25085S are high speed electrically

programmable, fully decoded TTL Bipolar 8192 bit read only
memories organized as 2048 words by 4 bits with on-chip address
decoding and one chip enable input. The HN25084S and HN25085S
are fabricated with logic level “zeros” (low); logic level ““ones”
(high) can be electrically programmed in the selected bit locations.
The same address inputs are used for both programming and reading.
B FEATURES

® 2048 words x 4 bits organization (fully decoded)

® DTL/TTL compatible inputs and outputs
® Fastread access time: 25 ns typ. (50 ns max)
® Medium power consumption: 550 mW typ.
@ One chip enable input for memory expansion (DG-18)
® Open collector outputs (HN25084S)/Three-state outputs
(HN25085S) HPIN ARRANGEMENT
® Standard cerdip 18-pin dual in-line package —_/
B OPERATION N 18] vee
® Programming . "SE EI"’
A logic one can be permanently programmed into a selected bit "“E EA'
location by using programming equipment. First, the desired word is
selected by the eleven address inputs in TTL level. The device is -“!E E]Ae
disabled by bringing CE to a logic “one”. Then a train of high 3] EO‘
current programming pulses is applied to the desired output. After '*‘E E]m
the sensed voltage indicates that the selected bit is in the logic ‘‘one’’
state, an additional pulse train is applied, then is stopped. «[7] [12]
® Reading ao[¥ ] mg
To read the memory the device is enabled by bringing CE to a logic ool ol
‘‘zero’’. The outputs then correspond to the data programmed in the
selected word. (Top View)
W LOGIC DIAGRAM
Ao O—
AL O—
A20— 8192 Bit
i — Q:l;l‘:erss - B;cﬁi ] (128%64)
AcO—o Memory Cell Array
As O———f
Ao
| I | I
As O——
ArOo—— Bddress Wilplner Vit | | Waploee Mullti:plleger
AsO——l
Avo—] | | I ]
Quiput | | Dusput pupt | ] Qutpur Note) The specifications of this device are
_ Chip T T T T subject to change without notice.
CE © 1 Enable LL l Please contact your nearest Hitachi’s
& O Jg, o Sales Dept. regarding specifications.
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HN25084S, HN25085S

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 v
Output Voltage Vou —0.5 to +5.5 A%
Output Current Tow 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature Toe —65 to +150 °C

B DC CHARACTERISTICS (Vec=

4.75 to 5.25V, Ta=0 to 75°C)

Characteristic Symboi Test Conditions min typ max Unit
Input High Voltage Vi 2.0 — — v
Input Low Voltage Vio — — 0.8 v
Input High Current T Vi=2.7V — — 40 HA
Input Low Current —In Vi=0.4V — — 0.40 mA
Output Low Voltage Vou Io=16mA — — 0.45 v
Output Leakage Current ToLka Vo=5.25V — — 100 MKA
Output Leakage Current Tork: Vo=0.4V — — 40 KA
Input Clamp Voltage Vi I,=—18mA — — —1.2 A%
Power Supply Current Icc Inputs Either Open or at Ground — 110 160 mA
Output High Voltage®* Vou Io=—2mA 2.4 — — A%
Output Short Circuit Current* —Ios Vo=0V 15 — 60 mA
* Note: Applicable to HN25089 only.
B AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75C)

Characteristic Symbol Test Conditions min typ max Unit
Address Access Time taa — 25 50 ns
Chip Enable Access Time tace - 20 35 ns
Chip Enable Disable Time toce — i5 35 ns
Note) 1. Output Load: See Test Circuit.

2. Measurement Reference: 1.5V for both inputs and outputs.

B SWITCHING WAVEFORMS

Address J 15V 15V ‘ Chip Ensble ——j 15V 15V ‘

Input Input

— taa ——] s toce’l” —o — tace"1”
A Vo—05V L5V
] 15V 15V GND
0";?"' Ou;:ut N
Output Output tpce™0" —=

@ HITACHI
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HN25084S, HN25085S

B SWITCHING TIME TEST CONDITIONS

SWITCHING HN25084S HN25085S
vee PARAMETER | R, R. C. R R: C.
taa 3000 | 6000 | 30pF | 300Q | 6000 | 30pF
R
' tace “17 -1 =1 =] | 6000 | 10pF
tace “0” 3000 | 600 | 10pF | 300Q | 6000 | 10pF
“ I e toce “17 - - - o | 6000 | 30pF
toce “0” 3000 | 6000 | 30pF | 3000 | 600Q | 30pF
INPUT CONDITIONS
Amplitude — 0V to 3V
Rise and Fall time—>5ns from 1V to 2V
Frequency — 1MHz
Il PROGRAMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 25 30 °C
Programming V¢ Vee 4.75 5.0 5.25 \Y%
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Vw 19.0 19.5 20.0 \%
Ramp Rate 10 — 70 V/us
Pulse Width tew 7.1 7.5 7.9 us 9V point/200Q load
Duty Cycle 70 — - %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 \%
Clamp Voltage 19.0 19.5 20.0 v
Ramp Rate 70 — - V/us
Address Setup Time tsa 10 — — us
Address Hold Time tha 10 — — us
Sense Setup Time tss 0.7 — - us
Sense Hold Time tus 0.7 — — us
Additional Programming Pulse 1 1 1 time
Programming Pulse Number per bit n — — 10000 time

Vee '

Vig

Vie
Vi

Vie

Programming Pulse

Iss
Sense Strobe ‘ i

Programming Pulse

308
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HN25088, HN25089

1024-word X 8-bit Programmable Read Only Memories
The HITACHI HN25088 and HN25089 are high speed electrically
programmable, fully decoded TTL Bipolar 8192 bit read only
memories organized as 1024 words by 8 bits with on-chip address
decoding and four chip enable inputs. The HN25088 and HN25089
are fabricated with logic level “zeros” (low); logic level “ones”
(high) can be electrically programmed in the selected bit locations.
The same address inputs are used for both programming and reading.

M FEATURES
® 1024 words x 8 bits organization (fully decoded)
® DTL/TTL compatible inputs and outputs
® Fast read access time: 40 ns (typ), 60 ns (max) (DG-24)
® Medium power consumption: 600 mW typ.
® Four chip enable inputs for memory expansion HPIN ARRANGEMENT
® Open collector outputs (HN25088)/Three-state outputs

(HN25089) o Y B
e Standard cerdip 24-pin dual in-line package .ag [_T_ 23] n

:\aE 221 N

HOPERATION .xE | TE
® Programming "E E]-L—;
A logic one can be permanently programmed into a selected bit "E ECF
location by using programming equipment. First, the desired word is 3
selected by the ten address inputs in TTL level. The device is ] 1] ce
disabled by bringing CET and/or CE2 to as logic “one” or CE3 o[+ 7] o
and/or CE4 to a logic “zero”. Then a train of high current o [5] [16] o
programming pulses is applied to the desired output. After the I E T_T] 06
sensed voltage indicates that the selected bit is in the logic one state, . E ,_—,] o
an additional pulse train is applied, then is stopped. oo [ _‘_i] o
® Reading = '
To read the memory the device is enabled by bringing CET and CE2 (Top View)

to a logic ““zero”. CE3 and CE4 to a logic ““one”. The outputs them
corresponed to the data programmed in the selected word.

EMLOGIC DIAGRAM

Avo—

Ajo—— Address 1:64 8192 Bit
MO g tter || Decode || (64128
Aso—— Memory Cell Array
Avo—1

As0—

Ar Address

Apwo——o Buffer

CE10—
CE;o—

Chip
Enable

CEs0—

O 02 03 04
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HN25088, HN25089

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 A%
Output Voltage Vour —0.5 to +5.5 A
Output Current Tow 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature Tos —65 to +150 °C

B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75°C)
Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vin 2.0 — — \'
Input Low Voltage Vi - — 0.8 \
Input High Current Iy Vi=2.7V — — 40 HA
Input Low Current —In Vi=0.4V — — 0.40 mA
Output Low Voltage Vo Tor=16mA - — 0.45 v
Output Leakage Current TovLk: Vo=5.25V — — 100 HA
Output Leakage Current Torx: Vo=0.4V —_ — 40. MA
Input Clamp Voltage Vi I;=—18mA - — —-1.2 v
Power Supply Current Icc Inputs Either Open or at Ground —_ 120 160 mA
Output High Voltage* Vou Ion=—2mA 2.4 — - \
Output Short Circuit Current* | —Ios Vo=0V 15 — 60 mA
* Note : Applicable to HN25089 only.
BWAC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)
Characteristic Symbol Test Conditions min typ max Unit

Address Access Time taa - 40 60 ns
Chip Enable Access Time tace — 20 35 ns
Chip Enable Disable Time toce — 20 35 ns
Note) 1. Output Load: See Test Circuit.

2. Measurement Reference: 1.5V for both inputs and outputs.
B SWITCHING WAVEFORMS

z 15V 15V }
ﬁﬁiess — \ Chi;n:::able I 15V §
] ot ] taa oee"l” el p— tacE 1"
= Z
15V v 0 =05V L5y
Output Out put GND
Output Outpr
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HN25088, HN25089

B SWITCHING TIME TEST CONDITIONS

SWITCHING HN25088 HN25089
Vee PARAMETER R, R: C. R: R: C.
. Las 3000 | 6000 | 30pF | 3000 | 600Q | 30pF
tace “17 - — — o | 6000 | 10pF
° al- . tace “0” 3000 | 6000 | 10pF | 3000 | 6000 | 10pF
l toce “17 — — — o | 600Q | 30pF
tocs “0” 3000 | 6000 | 30pF | 3000 | 6002 | 30pF

INPUT CONDITIONS
Amplitude —0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — 1MHz

B PROGRAMMING SPECIFICATION

Characteristic Limit Unit Notes
Ambient Temperature 2515 °C
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+2% v
Ramp Rate 70max V/us
Pulse Width 7.5+5% #s 10V point/1500 load
Duty Cycle 70% min
Sense Current
Amplitude 20+0.5 mA
Clamp Voltage 20+2% \Y
Ramp Rate 70max V/us
Sense Current Interruption before and after address change 10min us
Programming Vcc 5.0+5% —0% \%
Maximum Sensed Voltage for programmed “1” 7.510.1 v

Delay from trailing edge of programming pulse before sensing

output voltage 0.7min #s
Programming Pulse Number 100max ms
Additional Programming Pulse Number 4 Time

10us

Additional Pulse Train
A

Sense Pulse
7.5V REF.

Sense Strobe
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HN25088S, HN25089S — Preliminary

1024-word X 8-bit Programmable Read Only Memories
The HITACHI HN25088S and HN25089S are high speed electrically

programmable, fully decoded TTL Bipolar 8192 bit-read only

memories organized as 1024 words by 8 bits with on-chip address

decoding and four chip enable inputs. The HN25088S and

HN25089S are fabricated with logic level “zeros” (low); logic level

“ones’’ (high) can be electrically programmed in the selected bit

locations. The same address inputs are used for both programming

and reading.

B FEATURES
® 1024 words x 8 bits organization (fully decoded)

® DTL/TTL compatible inputs and outputs
® Fast read access time: 25 ns typ. (50 ns max) (DG-24)
® Medium power consumption: 600 mW typ.
® Four chip enable inputs for memory expansion B PIN ARRANGEMENT
® Open collector outputs (HN25088S)/Three-state outputs
(HN25089S) Y Bwe
® Standard cerdip 24-pin dual in-line package » 2] 2] o
_:\;E 221 Aa
H OPERATION A.[_T_ %Fﬁ'
® Programming —_
A . . .\1E 0] CE
A logic one can be permanently programmed into a selected bit
location by using programming equipment. First, the desired word is *E %m
selected by the ten address inputs in TTL level. The device is 7] 18] CEa
disabled by bringing CE1 and/or CEZ to as logic “one” or CE3 ,ME 'D 0
and/or CE4 to a logic “zero”. Then a train of high current o [3] ] o
programming pulses is applied to the desired output. After the N E'“
sensed voltage indicates that the selected bit is in the logic one state, N E E o
an additional pulse train is applied, then is stopped.
® Reading CND |22 L5 o
To read the memory the device is enabled by bringing CE1 and CE2 (Top View)

to a logic “zero’”, CE3 and CE4 to a logic “one’’. The outputs then
corresponed to the data programmed in the selected word.

HLOGIC DIAGRAM

Avo—]

A1o——— Address 1064 8192 Bit

Azo Buffer |— Decode || (64X128)

A3 0—f
Ajo—
As O—ro

Memory Cell Array

Chi Output
' Buffer

Output| |Output| [Output
c Buffer| | Buffer] |Buffer|
CEso] Eneble Note) The specifications of this device are

Output
Buffer
CEs0—| l Jz :L l T L L subject to change without notice. Please

o 0 0s 0 05 08 0 Os contact your nearest Hitachi’s Sales
Dept. regarding specifications.

As

Ao Address

Multi-
plexer

As 0—— Buffer

Ay O—

CEi0—

(utput
Buffer,

Output|

CE;0— Buffer
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HN25088S, HN25089S

M ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 \'
Input Voltage Via —0.5 to +5.5 v
Output Voltage Vou —0.5 to +5.5 v
Output Current Tow 50 mA
Operating Temperature Topr —25 to +75 °C
Storage Temperature Tue —65 to +150 °C
B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75C)
Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vi 2.0 — . v
Input Low Voltage Vio — — 0.8 v
Input High Current Iw Vi=2.7V - — 40 KA
Input Low Current —In Vi=0.4V — — 0.40 mA
Output Low Voltage VoL Ioo=16mA — — 0.45
Output Leakage Current ToLxa Vo=5.25V — — 100 MA
Output Leakage Current Tork2 Vo=0.4V - — 40 HA
Input Clamp Voltage Vi Ii=—18mA — — —1.2 v
Power Supply Current Icc Inputs Either Open or at Ground — 120 160 mA
Output High Voltage* Vou Iow=—2mA 2.4 — — v
Output Short Circuit Current* —Ios Vo=0V 15 — 60 mA
* Note : Applicable to HN25089S only.
B AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)
Characteristic Symbol Test Conditions min typ max Unit
Address Access Time taa - 25 50 ns
Chip Enable Access Time tace — 20 35 ns
Chip Enable Disable Time toce - 15 35 ns

Note) 1. Output Load: See Test Circuit.
2. Measurement Reference: 1.5V for both inputs and outputs.

B SWITCHING WAVEFORMS

15V
Address ;
Input
—1 taa
Output '

15V

15V .
Chip Enable
L— Input —_7
taa toce" 1" —f
VO e—
15V ,
Output
or
Output  tpce“0" —=

Vo

® HITACHI

Z 1.5V 1.5V x

tace"l”

Vo —0.5V

15V
GND

Vo +0.5V
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HN25088S, HN25089S

H SWITCHING TIME TEST CONDITIONS

SWITCHING HN25088S HN25089S
Vee PARAMETER R: R: C. R: R: C.
A tas 300Q | 600Q | 30pF | 3000 | 600Q | 30pF
{
tace ‘17 - — - c | 6000 | 10pF
tace “0” 3000 | 600Q | 10pF | 3000 | 6000 | 10pF
C R
;1: toce “1” - - - o | 6000 | 30pF
toce “0” 3000 | 6000 | 30pF | 300Q | 600Q | 30pF
INPUT CONDITIONS
Amplitude—0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — 1MHz
B PROGRAMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 25 30 °‘C
Programming Vec Vee 4.75 5.0 5.25 \%
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Vw 19.0 19.5 20.0 \"
Ramp Rate 10 - 70 V/us
Pulse Width tew 7.1 7.5 7.9 us 9V point/200Q load
Duty Cycle 70 - - %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 \'
Clamp Voltage 19.0 19.5 20.0 \Y%
Ramp Rate 70 — — V/us
Address Setup Time tsa 10 - — us
Address Hold Time tHa 10 — — us
Sense Setup Time tss 0.7 — — us
Sense Hold Time tus 0.7 — — us
Additional Programming Pulse 1 1 1 time
Programming Pulse Number per bit n — - 10000 time
Vee —j
Vin
0 X
Ay ViL
Vin
CE
ViL

Programming Pulse

Sense Strobe

L

— == 90mA(20Vmax)

Programming Pulse

314
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20mA(4V)
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HN25168S, HN25169S  Preliminary

2048-word X 8-bit Programmable Read Only Memories
The HITACHI HN25168S and HN25169S are high speed electrically -
programmable, fully decoded TTL Bipolar 16384 bit read only
memories organized as 2048 words by 8 bits with on-chip address
decoding and three chip enable inputs. The HN25168S and
HN25166S are fabricated with logic level “zeros” (low); logic level
“ones’ (high) can be electrically programmed in the selected bit
locations. The same address inputs are used for both programming
and reading.

B FEATURES
® 2048 words x 8 bits organization (fully decoded)

® DTL/TTL compatible inputs and outputs
® Fast read access time: 40 ns typ. (60 ns max) (DG-24)
® Medium power consumption: 600 mW typ.
® Three chip enable inputs for memory expansion. B PIN ARRANGEMENT
® Open collector outputs (HN25168S)/Three-state outputs

(HN25169S) w3 ~ ] vec
® Standard cerdip 24-pin dual in-line package [ 3] N

A3 221 Ao

M OPERATION a3 [71] e
® Programming ‘ . s 20] CEr
A logic one can be permanently programmed into a selected bit z
location by using programming equipment. First, the desired world A 6 ECB
is selected by the eleven address inputs in TTL level. The device is A-[z 18] CEs
disabled by bringing CE1 to as logic ““one” or CE2 and/or CE3 to a of3 [i7] o
logic ‘‘zero”. Then a train of high current programming pulses is ”’E E‘*
applied to the desired output. After the sensed voltage indicates that Nm E’l o
the selected bit is in the logic one state, an additional pulse is “-‘E =
applied, then is stopped.
® Reading GND (12 E“‘
To read the memory the device is enabled by bringing CET to a logic (Top View)

“zero’”, CE2 and CE3 to a logic “one”. The outputs then
corresponed to the data programmed in the selected word.

B LOGIC DIAGRAM

A1 O——— Address 1:128 16384 Bit

Azo Buffer || Decode L‘ (128X 128)

Memory Cell Array

Ar

As © Address

As o——] Buffer
Ao O——o
CE10— Output | | Output|
Chip Buffer | |Bufer,

- Enable
CE2 0—
CE3 o— J; l L L L

O 02 03 O4 05 Os 07 Oy

Note) The specifications of this device are subject to change without notice.
Please contact your nearest Hitachi’s Sales Dept. regarding specifica-
tions.
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HN25168S, HN25169S

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee —0.5 to +7.0 v
Input Voltage Via —0.5 to +5.5 \Y%
Output Voltage Vou —0.5 to +5.5 v
Output Current Tou 50 mA
Operating Temperature Tope —25.to +75 °‘C
Storage Temperature Tue —65 to +150 °C

B DC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to +75°C)

Characteristic Symbol Test Conditions min typ max Unit
Input High Voltage Vi 2.0 — — v
Input Low Voltage Viu i — 0.8 \'
Input High Current Iu Vi=2.7V — - 40 KA
Input Low Current —In Vi=0.4V — — 0.40 mA
OQutput Low Voltage Voo Ioo=16mA - — 0.45 v
Output Leakage Current ToLk: Vo=5.25V — - 100 KA
Output Leakage Current Tork: Vo=0.4V — - 40 MA
Input Clamp Voltage Vi Ir=—18mA — — —1.2 v
Power Supply Current Icc Inputs Either Open or at Ground — 120 170 mA
Output High Voltage* Vou Toy=—2mA 2.4 —_ - A\
Output Short Circuit Current® | —Ios Vo=0V 15 — 60 mA
* Note : Applicable to HN25169S only.
B AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta=0 to 75°C)
Characteristic Symbol Test Conditions min typ max Unit

Address Access Time taa - 40 60 ns
Chip Enable Access Time tace — 20 35 ns
Chip Enable Disable Time toce — 20 35 ns
Note) 1. Output Load: See Test Circuit.

2. Measurement Reference: 1.5V for both inputs and outputs.
B SWITCHING WAVEFORMS

ﬁ‘itx;ess —7 15V 15V K g‘}:"& Enable ___J 15V K

el taa ] taa toce"l” —of f— — tace"1”
v TN
15V
Ouput | Output GND
Ou‘:;u( Output  toce"0" —=f tace"0”
15V
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HN25168S, HN25169S

B SWITCHING TIME TEST CONDITIONS

SWITCHING HN25168S HN25169S
Vee PARAMETER R: R: C. R R: C.
& taa 3000 | 6000 | 30pF | 3000 | 600Q | 30pF
1
tace “17 — — — o | 6000 | 10pF
[on
1 o tace “0" 3000 | 6000 | 10pF | 3000 | 6000 | 10pF
C
I toce “1” - — — o | 6000 | 30pF
toce “0” 3000 | 6000 | 30pF | 3000 | 6000 | 30pF
INPUT CONDITIONS
Amplitude —0V to 3V
Rise and Fall time—5ns from 1V to 2V
Frequency — iMHz
B PROGRAMING SPECIFICATION
PARAMETER Symbol min typ max Unit Note
Ambient Temperature Ta 20 25 30 °C
Programming V¢ Vee 4.75 5.0 5.25 v
Programming Pulse
Amplitude Iw 88 90 92 mA
Clamp Voltage Vw 19.0 19.5 20.0 v
Ramp Rate 10 — 70 V/us
Pulse Width tpw 7.1 7.5 7.9 us 9V point/200Q load
Duty Cycle 70 — — %
Sense Current
Amplitude Is 19 20 21 mA
Sense Voltage Vs 7.4 7.5 7.6 v
Clamp Voltage 19.0 19.5 20.0 \'
Ramp Rate 70 - — V/us
Address Setup Time tsa 10 - - Hs
Address Hold Time tua 10 — — us
Sense Setup Time tss 0.7 - — pus
Sense Hold Time thd 0.7 — - us
Additional Programming Pulse 1 1 1 time
Programming Pulse Number per bit n — — 10000 time

Ao Vin
! Viu
i‘_' Vin
CE

Viu

Programming Pulse

Sense Strobe

tss Lhs

tHA

Programming Pulse

—=—=90mA (20Vmax)

—— ——45mA(9V)

— — —=— 20mA(4A)
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HD2912

Quadruple TTL-to-MOS Clock Drivers

The HD2912, a clock driver for the MOS memory, has basically the
NAND function. Its inputis a TTL level and its output becomes and
N MOS clock input level. It operates on two power supplies — Vcc
(5V) and Vpp (12V). It anticipates taking as its load a maximum of
ten units of 4K-bit N MOS memories and can drive a load capacity
of 400 pF at high speed.

TTL-MOS level converter circuit
Switching time: 50 ns (max.)

Load capacity drivable: 600pF
Mounted with 4 circuits
Applicable temperature: 0 to 70°C

B ABSOLUTE MAXIMUM RATINGS

(DG-16)

M PIN ARRANGEMENT

It S Uni
em ymbol HD2912 nit s -
Vee® 7.0 \ i | 1 16 ] Vee
Supply Voltage
Voo* 18.0 v Y, E R
Input Voltage Via* 5.5 v
: s [5] L]~
Load Capacitance CL** 600 pF
. Power Dissipation Preee 800 mW B, E 13| B.
Operating Temperature Topr 0 to +70 C B E E B,
Storage Temperature Tue —65 to +150 °C
* With respect GND A; l 6 11 A,
* % per circuit l I
* % % per package Y 7 10 Y
B RECOMMENDED OPERATING CONDITIONS CND E S| e
Item Symbol min typ max Unit (Top View)
Supoly Vol Vee 4.75 5.0 5.25 v
upply Voltage
PP & Voo 11.4 12 12.6 A"
Operating Temperature Topr 0 25 70 °‘C
Load Capacitance C. 100 — 600 pF
Damping Resistance Ro 10 — — Q
B ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V £5%, Vop=12V +5%)
Item Symbol Test Condition min typ* max Unit
Inout Vot ViL 2.0 — — A%
e
nput YoTtes Vin - = 0.8 v
Vou Via=2V, Io.=0.1mA — 0.45 0.6 \Y%
Output Voltage
Vou Via=0.8V, Ton=—0.1mA Vopr—0.9 11.5 — v
A I — -1 —1.6 mA
Vin=0.4V
B I — —2 —3.2 mA
Input C t A I — — A
npu urren 1H Vim2.4V 40 y73
B In - - 80 HA
It Via=5.5V — — 1 mA
Ippu Via=0V - 16 24 mA
Iooe Vin=5V - - 0.5 mA
P Supply C t
ower Supply turren Icch | V=0V | 12 18 mA
Icce Via=5V - 67 100 mA
Input Clamp Voltage Vi Lia=—12mA - — —1.5 \'/

* Vee=5V, Vop=12V
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HD2912

B SWITCHING CHARACTERISTICS (Ta=0 to +70°C, Vcc=5V, Vop=12V)

Item Symbol Test Condition min typ max Unit
Rising Delay Time toLw — 35 50 ns
Falling Delay Time touL C.=300pF — 25 45 ns
Rise Time trin Rr=00 — 12 25 ns
Fall Time trae - 12 25 ns

O TEST CIRCUIT AND WAVEFORMS

Vee Voo

Input
- T Output
L CL
500 I
FALLING DELAY TIME vs.
LOAD CAPACITANCE (1)
50
40
3 =
3 1 =
I N oo L1 L1 3
2 ol g
E // Ru’“g ‘:;
& 20 s d <}
e Vop=12V g
10 Vee=sV
Ta=25C—
0 100 200 300 400 500 600
Load Capacitance Cr (pF)
RISE TIME AND RISING DELAY TIME
vs. AMBIENT TEMPERATURE
50
40
toLH |
e
N
3
32
tTLH
10 Vo =12V—
Vee =5V
C1=300pF
Ry=0Q
0 10 20 30 40 50 60 70

Ambient Temperature Ta ('C)

@ HITACHI

.

;90% W
1.5V

ov
>t ums
f Von-2v Von =2V Vow
Output
v T2V
: A
LTLn (=t THL
te =250ns,tepere =350ns,ly =¢, =10t 1ns
RISING DELAY TIME vs.
LOAD CAPACITANCE (2)
50
40 02 —T]
=\ =
Ro |t
™ Rp=02
30
20
Vop=12V
10 Vec=5V
Ta|=25iC—
0 100 200 300 400 500 600
Load Capacitance Cr (pF)
FALL TIME AND FALLING DELAY TIME
vs. AMBIENT TEMPERATURE
W
40
w 0
£
2 T tDHL
s
ETHL
10 Voq=12V_
Vec =5V
CL'=M0pF
Ry=0Q
0 10 20 30 40 50 60 70
Ambient Temperature Ta ('C)
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HD2912

Switching Time (ns)

Power Dissipation Pr (mW)

322

40

SWITCHING TIME vs.
SUPPLY VOLTAGE (1)

toLw

700

600

Loy,
*

Lrue

trow

CrL =300pF —

Vop=12V
Ta =25C
Rin=0Q

44

4.6

48 5.0 5.2
Supply Voltage Vee (V)

POWER DISSIPATION
vs. CYCLE TIME

\

rCL=

| 200pF

300

FCL=0pF

e |

1!

200

100

Duty Cvcle=50%,

One Circuit Operation

(Other Circuit Output*Low”
INNETI N

0.1

0.2

11 r ImEnl

0.5 L0

10

Cycle Time teyete (us)

54 5.6

Switching Time (ns)

SWITCHING TIME vs.
SUPPLY VOLTAGE (2)

50
40
tULH
L—
30 LDHL
4
20 —_
tTHL
10 LTLH € =300pF
Ve =5V
Ta=25"C
0 R)y=0Q
10.5 110 11.5 120 25 130 135

Supply Voltage Voo (V)

HBITEMS REQUIRING CARE WHEN USING

THE HD2912

When measuring or mounting the HD2912, consider
the following.

1.

N

w

At the time of ““H"’ level output, if a short circuit
occurs between the output terminal and the
other terminal (the GND terminal or input
terminal), the element will breakdown.

When measuring the input/output characteristic
of the circuit, do not place the input level in the
vicinity of the threshold voltage (about 1.5V) for
more than 10 seconds. If this caution is neg-
lected, the element may breakdown.

If its load capacity is less than a certainalue
(100pF), sometimes this element cannot fully
provide its function. Take note of this fact when
designing a system.

When mounting this element, it is recommended
providing the output terminal with a damping
resistor (Rp) or a diode terminating circuit.

Vou

Clock Driver

Rv
D_'w i N MOS
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HD2916

Quadruple TTL-to-NMOS Clock Drivers

The HD2916, a clock driver for the MOS memory, basically
possesses a NAND function. Its Input is a TTL level and its output
becomes N MOS clock input level. It operates on two power supplies
— Vcc (BV) and Vpp (12V). Assuming that a maximum of five
units of 4K-bit N MOS memories may be connected, it is designed to
drive a load capacity of 200pF at high speeds.

B FEATURES

TTL-MOS level converter
Switching time: 50 ns (max.)
Average power consumption: 600mW (max.)
Load capacity drivable: 300pF
Mounted with 4 circuits
Applicable temperature: 10 to 65°C

B ABSOLUTE MAXIMUM RATINGS

Item Symbol HD2916 Unit
Vee* —0.5 to +7 \
Sopply Voltage Voo* —0.5 to +15 v
Input Terminal Voltage Vin® —0.5 to +5.5 v
Output Load Capacitance CL** 300 pF
Power Dissipation Prees 700 mW
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tos —50 to +150 °C
* With respect to GND
* % Per circuit
* % % Per package
B RECOMMENDED OPERATING CONDITION
Item Symbol min typ max Unit
Vee 4.75 5.0 5.25 v
Supply Veltage Voo 11.4 12.0 12.6 \
Operating Temperature Topr 10 25 55 °C
Input Voltage Level Vin 2.0 — >3 v
|47 —0.5 - 0.8 \'

(DG-16A)

B PIN ARRANGEMENT

+

viu[1]
u[a]
v
5[4
5]
u[e]
w7
Np[8]

/S

E] Vee

15| X,

o

13|B.

12| Bs

11]A,

(10] X
ENC

(Top View)

BMELECTRICAL CHARACTERISTICS (Ta=10 to 55°C, Vcc=5V +5%, Vop=12V +5%)

Item Symbol Test Condition min typ* max Unit
A Iu Vin=2.4V - — 40 HA
I Vin=0.4V — -1 -2 mA
Input Current
B Iiu Vin=2.4V — - 80 KA
| m Vin=0.4V - —2 —4 mA
Vou Vin=0.8V, Ton=—50uA Vop—0.7 |Vop—0.4 - \"
Output Voltage
VoL Vin=2.0V, ToL=50uA - 0.3 0.45 v
Ioon Vin=0V - 13 20 mA
Supply C R Iccn Vin=0V - 13 40 mA
u urren
PP Ioo. | Vn=5V — — 3 mA
IccL Vin=5V — 40 60 mA
. C.=300pF, f=1MHz _
Average Power Dissipation P twL— 0.5us, one circuit operation 300 600 mW
* Vce=5V, Vop=12V
® HITACHI 323




HD2916

H SWITCHING CHARACTERISTICS (Ta=10 to 55°C, Vcc=5V £5%, Vop=12V +5%)

tem Symbol Test Condition min typ max Unit

toLn CL=200pF - — 50 ns

Output Delay Time f=1MHz
towL tw=0.5us — — 50 ns
® TEST CIRCUIT & WAVEFORMS
Vee Von
? Input
Inp¢ & | E——Te e
PG T Output
CL Output

Propagation Delay Time toui. toLw (ns)

Propagation Delay Time toiu, tour (ns)'

324

50Q

i

PROPAGATION DELAY TIME
vs. LOAD CAPACITANCE

50
40 — £
l‘/‘/‘ H
e z‘
30 o — s
L [ o]
thnL E‘
20 &
—
ol Vee =5V 5
Vo =12V o
0 Ta=25"C :5_1
a
0 50 100 150 200 250 300
Load Capacitance Cr (pF)
PROPAGATION DELAY TIME
vs. SUPPLY VOLTAGE
50
40 z
[l t LK, H
30 3
'\J\,\lunL §
—"MN__‘__ =
P
20 =
&
s
Vip =12V kS
0 Ta=25'C ¥
. s
a
0
44 4.6 4.8 50 5.2 54 5.6

Supply Voltage Vcc (V)

PROPAGATION DELAY TIME
vs. AMBIENT TEMPERATURE

Vo

J=1MHz,t, =500ns,t7en = tTwe = 10ns £ lns

60
) I~ toin | —11
- Ve =5V
Vi =12V
0 IC1 = 200pF
0 10 20 0 40 S0 60 j
Ambient Temperature Ta('C)
PROPAGATION DELAY TIME
vs. SUPPLY VOLTAGE
S0
40
oL,
30
LKL
20
Vee =35V
10 Ta=25'C
e C1. =200pF
0
10.5 11.0 115 120 125 13.0 135
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Power Dissipation Pr (mW)

POWER DISSIPATION
vs. CYCLE TIME

500
Duty Cycle 50%

400 One circuit

C =300pF Operation

/

CL=150pF
e
E’L =0pF

200

Cycle Time tcyete

(us)

20

HD2916

BITEMS REQUIRING CARE WHEN USING

THE HD2916
When measuring or mounting the HD2916, consider

the following:

1. At the time of “H’’ level output, if a short circuit
occurs between the output terminal and the
other terminal (the GND terminal or input
terminal), the element will breakdown.

2. When measuring the input/output characteristic
of the circuit, do not place the input level in the
vicinity of the threshold voltage (about 1.5V) for
more than 10 seconds. If this caution is neg-
lected, the element may breakdown.
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HD2923

Quadruple ECL to TTL Drivers
The HD2923 is a monolithic, high speed Quadruple ECL to TTL

Driver which accepts ECL input signals. It provides high output
current suitable for driving the TTL clock inputs or other address
multiplexing inputs of N-channel MOS memories such as the
HM4816A of MK4116.Power supply requirements are ground, +5.0
Volts and —5.2 Volts. The HD2923 requires no particular power
supply sequencing in order to assure standby mode of memories,
because the outputs are always “high” at applying the power.
Propagation delay is 10ns MAX.

The HD2923 is fabricated by means of HITACHI's Schottky Bipolar
technology to assure high peri...nance over the 0°C to 75°C
ambient temperature range.

(DG-16A)
B FEATURES HPIN ARRANGEMENT
e High Speed ....... tpd = 10ns MAX. (50% to 2.2V dc out or to +
+1.0V dc out, 200pF Load) vos[ 1] [16]onp
® lowPower ..........ciiiiiiiiiiiia, 250mW typ. (DC) Ny — m
® 10K ECL Compatible Inputs . i v,
® Pin Compatibility .................. MC10125 or HD10125 'E 1e]a
Y,E {13]¥
HABSOLUTE MAXIMUM RATINGS Y:E Y;
Item Symbol Value Unit A E um Bs
Vv —0.5 to +7 A
Supply Voltage ° ° &Iz A’
Vee —7 to +0.5 v V"E Vcc
Input Voltage Vi Vee to +0.5 v +
Output Voltage Vou —1.0 to Vect+1 v (Top View)
e . The Vss reference voltage is available
Power Dissipation Pr 1.0 w on pin 1 for use in single ended input
Operating Temperature®* Topr —10 to +85 °C biasing
Storage Temperature T —65 to +150 °C B TRUTH TABLE
* under bias
Input Output
B RECOMMENDED OPERATING CONDITIONS A B
Item Symbol min typ max Unit H Vss L
Vee 4.75 5.0 5.25 L Vss H
Supply Voltage
Vee —5.46 | —5.2 —4.94 \' H L L
Vin —1.025 - — \% L H H
Input Voltage
Vi — — | —1.520 A Vss H H
Operating Temperature Topr 0 - 75 °C Vs L L
Open Open H
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B DC CHARACTERISTICS

HD2923

Item Symbol Test Condition min typ max Unit
—Ize — 22 27 mA
Power Supply Drain Current Iccu Vee=—5.2V, Vcc=5.0V — 23.5 29 mA
Icce — 34.5 42 mA
Input Current Linw Vin=—0.81V — — 115 KA
Input Leakage Current Icso Vin=—5.2V — — 1.0 HA
Vou Tow=—1.0mA 2.7 - - v
Output Voltage
VoL Tor=5.0mA — — 0.5 A
Voua Viu=—1.1V, Ios=—1.0mA 2.7 — — \'
Threshold Voltage
Vora Vie=—1.48V, T0.=5.0mA - — 0.5 v
Indeterminate Input All inputs=Vee 2.7 - -
Vous v
Protection Tests All inputs = Open 2.7 — —_
Reference Voltage Vss —1.420 — —1.150 \%
Ving=0.300V, Vine=—0.825V 2.7 — —
VOHC V
Vinn=—1.890V, Vin.=—2.890V 2.7 — —
Common Mode Rejection Tests
Vinu=0.300V, Vin.=—0.825V — — 0.5
Vorc v
Ving=—1.890V, Vin.=—2.890V — — 0.5
M AC CHARACTERISTICS
Item Symbol Test Condition min typ max Unit
tor 50% to +2.2V, C.=200pF - - 10 ns
Propagation Delay Time
tor 50% to +1.0V, C.=200pF — — 10 ns
Rise Time tt +1.0V to +2.2V, C.=200pF — — 5 ns
Fall Time i +2.2V to +1.0V, C.=200pF — - 5 ns
fo% —0.8%0V
Vin v
-1.690V
2.2V
Vour LoV
e -
— tor = toF
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Note) HM4864-2 [ Type No.

150 I C «—————— Package Material
{ Access Time ns (max)
1. MOS RAM
Mode Structure Total Bit | Organization | Number of Pin Hitachi Intel Texas
HM4716A-1
120 [ P, G
HM4716A-2 2117-2 TMS4116-15
150 [ P, G 150 [ P, G 15 | P, G, C
HM4716A-3 2117-3 TMS4116-20
200 [ P, G 20 P, G 20 [ P, G, C
HM4716A-4 2117-4 TMS4116-25
250 | P, G 250 | P, 250 [ P, G, C
16k 163841 16 1 [ P.G [
HM4816A-3 2118-3
100 ] PG 100 [ P, G
4816A-4 -
Dynamic NMOS HM 21184
120 [ P, G 120 [ PG
HM4816A-7 2118-7
15 [ P, G 150 [ P, G
HM4864A-12
120 [ P, G
HM4864-2 TMS4164-15
64k 65536 X1 16
15 [ P, G 15 | C
HM4864-3
200 [ P, G
2114AL-1
100 | P, G
2114AL-2
120 [ P, G
HM472114A-1 2114AL-3
15 [ P, G 150 [ P, G
HM472114A-2 2114A/L-4
200 [ P, G 200 [ P, G
2114A-5
10244 18
HM472114-3
0 )
Static NMOS 4k 300 [ P, G
HM472114-4
450 [ P, G
(HM6148) 2148
nlp n[PeG
(HM6148-6) 2148-6
8 | P 8 [ P.G
(HM6147H-35) | 2147H-1
3% | PG 3]G cC
HM6147H-4 -
0961 8 (HM6147H-45) | 2147H-2
5[ PG 5[ ac
(HM6147-3) 2147H-3
55 | P.G 55 [ G C
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Cross-reference

Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
MB8216E
120 [ C
MK4116-2 MCM4116-15 | pPD416-3 TMM416-2 M5K4116-2 MB8116H
150 [ P, G 15 [ P, G 15 [ P, G 150 [ P, G 150 [ P, C 150 | C
MK4116-3 MCM4116-20 | uPD416-2 TMM416-3 M5K4116-3 MBSL16E
200 [ P, G 20 [ P, G 20 [ P, G 20 [ P, G 200 [ P, C 200 [ C
MK4116-4 MCM4116-25 | wPD416-1 TMM416-4 MB8116N
250 [ P. G %0 [ PG 250 | P, G 2%0 | P, G 250 [ C
MCM4116-30 | #PDA16
30 PG 30 [ P, G
MK4516-10 MCM4516-10 MB8118-10
100 P, G 100 | P, G 100 |
MK4516-12 MCM4516-12 MBB8118-12 )
120 [ P. G 120 | P, G 120 | S\ sigle
MK4164-10
100 [ P, G
MK4164-12 TMM4164-2
120 P, G 120 [ C
MCM6664-15 | #PD4164-3 TMM4164-3 M5K4164-15 MB8264-15 ,
5V single
150 | C 150 [ C 15 | € 150 [ C 150 | C
MCM6664-20 | pPD4164-2 M5K4164-20 MB8264-20
200 [ C 200 | C 200 [ € 200 [ C
MCM6664-25 | uPD4164-1
250 [ C 250 | C
#PD2114L-5
15 | P, G
MK4114-3 MCM21/L14-20 | uPD2114L-3 TMM314A/L-1 | M5L2114L-2 MB8I114E/L
200 [ P, C 20 [ P, C 20 [ P, G 20 [ P 20 [ P, C 20| P, C
MK4114-4 MCM21/L14-25 | uPD2114L-2
250 [ P, C 250 [ P, C 250 [ P, C
MK4114-5 MCM21/L14-30 | uPD2114L-1 TMM314A/L-3 | M5L2114L-3 MB8114N/L
30 ] P, C 30 P, C 30 [ P, C 30 P 0] P C 30 | P, C
MCM21/L14-45 | xPD2114 TMM34A/L | M5L2114L
450 [ P, C 450 | P, C 450 [ P 40 | P, C
MK2148-70 MB8148-70/L
0[G.cC ]
MK2148-85
85 | G, C
MB8147F-35
]G
MB8147F-45
$5]G
MK4027-55 uPD2147-3 TMM315-1 MB8147H
55 | P, G 5] G 55| G 5[ G
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Cross-reference

Mode

Structure

Total Bit

Organization

Number of Pin

Hitachi

Intel

Texas

Static

NMOS

4k

4096 <1

18

(HM6147/L)

2147/L

2147/L-7

70| PG

0 ][ PG

0| PG

2147-6

2147-9

85 | P, G

% [ PG

16k

2048 <8

24

(HM6116/L-2)

120 [ P

(HM6116/L-3)

150 | P

(HM6116/1.-4)

200 | P

4016-45
Acn D

40U | ©

16384 X1

20

(HM6167-3)

2167-3

55 | P

55| G

(HM6167)

2167

0 | P

]G

CMOS

4k

4096 < 1

18

HM6147/L-3

55 | P. G

HM6147/L

70| PG

HM4315

450 P

1024 x4

HM6148/L

0] P

HM6148/L-6

8 | P

HM4334-3

30| P, G

HM4334-4

450 | P, G

16k

2048 <8

24

HM6116/1.-2

120 [ P, G
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Cross-reference

Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
MK 4027-70 4PD2147-2 TMM315 MBSI47E
0][PG |G ]G n]c
MK4027-90 MBBI47N
9 [ PG %5 |G
MK 4802-70
70 ]G, C
MK 4802-90
% |G, C
MK4802-1 (4PD446-2) TMM2016-1 MB8128-10
120 | P, G, C 120 P. G 100 [ P 100 |
(#PD446-1) TMM2016 M58725-15 MBB8128-15
15 [ P. G 150 [ P 150 | P, G 150 |
MK4802-3 (4PDA446) M58725
200 [ P, G, C 20 [ P, G 20| P. G
MB8167-55
55 ] G
MB8167-70
]G
MB8404E
250 | G
MCM16504 TC5504 HM6504
450 | P 450 [ P Compati.
TC5504-1
550 | P
TC5504-2
80 [ P
#PD444-3
200 | P
4PD444-2 MBS414E
250 | P 250 | G
#PD444-1
30 | P HM6514
4PDA44 TC5514 M58981-45 Compati.
450 [ P 50 [ P 50 [ P, C
TCS5514-1
65 | P
TC5514-2
800 | P
#PD446-2 }Hitachi Pin
120 [ P

® HITACHI
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Cross-reference-

Mode Structure Total Bit | Organization | Number of Pin Hitachi Intel Texas
HM6116/L-3
150 [ P, G
HM6116/L-4
200 [ P, G
Static CMOS 16k 2048 %8 24
HM6117/L-3
150 | P
HM6117/L-4
200 [ P
2. MOS ROM
Program Structure Total Bit | Organization | Number of Pin Hitachi Intel Texas
HN46332 TMS4732
450 | P, G
32k 4096 %8 24 3 | P
2332A
450 | P, G
Mask NMOS
u HN48364 TMS4764
64k 8192x8
3%0 [ P 30 | P
2 2364A
450 | P, G
HN462716-1 2716-1
350 [ G 350 | G, C
HN462716-2 2716-2
3% [ G 30 [ G, C
HN462716 2716 TMS2516
16k 2048 x 8 24 -
450 [ G, C 450 | G, C 450 | G, C
2716-5
90 [ G, C
Electricall 27166
ectrically 650 l G‘ C
& NMOS HN482732A-20 2732A-2
UV Erasabl
rasabe 200 | G 20 [ G, C
HN482732A-25 2732A
250 [ G 250 [ G, C
HN482732A-30 2732A-3
32k 4096 %8 24 30 | 6 3w [ G, C
HN462732-2 2732
3% [ G, C 450 [ G, C
HN462732 2732-6
450 [ G, C 55 | G, C
HN462532-2 TMS2532-25
3% [ G 250 |G, C
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Cross-reference

Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
HPD446-1
150 | P Hitachi Pin
#PD446 MB8416
200 [ P 200
HPD447-2
120 P
EEDMT Toshiba Pin
15 | P
KPD447 TC5516A MB8417
200 | P 250 | P 200
NEC Pin
4PD449 MB8418
200 [ P 200 |
Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
MK 320005 MCM68A 332 uPD2332 TMM333 M58333 MB8332 )
30 [ P G 350 [ P, C 50 [ P. G 50 | P 650 | P 200 [ P }Te“s Pin
TMM2332 MB8333
Intel Pin
350 [ P 200 [ P }
MK 36000-4 MCM68B 364 MB8364
250 [ P,G,C | 250 [ P, C 250 [ P
MK 36000-5 MCM68A 364 4PD2364 M58334
30 [ P,G,C[30] P, C 450 [ P, G 650 | P
MK 37000-4 TMM2364
250 [ P, G 250 [ P
MK2716-6 MCM27A16 MB8516H
350 [ G 350 | C 350 [ G, C
MK2716-7
400 [ G
MK2716-8 MCM2716 uPD2716 TMM323 M5L2716 MBB8516
450 [ G 450 [ C 450 [ G, C 450 | G, C 450 [ G 450 [ G, C
MK2716-12
650 | G
MBM2732A-20
200 |
MBM2732A-25
250 |
MB8532-35
Intel Pin
350 | C
#PD2732 TMM2732 M5L2732 MB8532-45
450 | G 450 | G 50 [ G 1450 [ C
M5L.2732-6
550 | G
MCM25A32 } )
Texas Pin
350 [ C
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Cross-reference

Program Structure Total Bit | Organization | Number of Pin Hitachi Intel Texas
HN462532 TMS2532-45
4096 x8
32k % u 450 | G, C 450 | G, C
2764-2
. 20 [ G
E'”t;'“"y NMOS HN482764 2764
250 | G, C 250 | G
192 %8 S
UV Erasable b4k 819 % HN482764-3 2764-3 TMS2564-35
30 [ G, C 30 G 350 | G, C
HN482764-4 TM S2564-45
450 [ G, C 450 [ G, C
HN48016 2816
Electrically 350 | P 250 |
Erasable NMOS 16k 2048 %8 24 28163
350 |
3. BIPOLAR RAM
Structure Total Bit | Organization| Number of Pin Output Hitachi Fairchild Texas
HM2504-1 93411A
45 [ G 45 ]G
X1 1
256 26 6 o/¢ HM2504 93411 SN74S301
55 | G 55 [ G, F 2| PG
HM2510-2 93415A
3]G 30| GF
HM2510-1 93415
TIL o/¢ 5 ]G 45 [ P,G,F
HM2510 SN74S314A
0 ]G 70 [ PG
1k 1024 %1 16 YO
0 [ G F
a5 HM2511-1 93425
65 ][ G 45 [ G F
HM2511 SN74S214A
0 [ G 70 [ PG
HM2105 F10410 SN10144
3% [ G 30 [ P,GF| 30[GF
HM10414-1
8 | G
X
256 2661 16 HM10414 F10414
e 10]G
HM2106 F10411
15] G 3% | PG, F
HM10422 F10422
ECL yexs ” w]ec 0] G F
HM100422 F100422
10 [ G F 10 ]G F
e HM2110-2 F10415A
20 ]G 20 [ G F
HM2110-1
1024x1 16 5] G
HM2110 F10415
B[ G 3| GF
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Cross-reference

Mostek Motorola NEC Toshiba Mitsubishi Fujitsu Remarks
MCM2532 ]
150 [ G. C }Texas Pin
MCM68764 MBM2764-20
450 | C(24Pin) 200 | )
MK2764-8 MBM2764-25 Intel Pin
450 [ C 250 |
MBM2764-30
300 | )
Texas Pin
l
2816
Byte Erase
10ms
Intel Motorola MMI Signetics NEC Fujitsu Remarks
3107A N825117
60 [ G, C 0la
3107 6530 745301 4PB2206
80 ]G C 55 | C 50 [ G 50 [ G
N93415A
3% [ G
MCM93415 N93415 uPB2205 MBM93415
45 [ P,G F $5]c 50 [ G 5]
N93425A
%[ G
MCM93425 N93425
45 | G, F 45 ]G
MCM10144 #PBI10144 MB7044
30 | G, F %5 ]G ]G
MB7042H
2] G
MCM10152 MB7042
4% | G F 5[
MB7074
wlc
MB7046H
20 ]G
MCM10146 MB7046
30| G F ]G
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Cross-reference

Structure | Total Bit | Organization | Number of Pin Output Hitachi Fairchild Texas
HM100415 F100415
1024 x1 16
1k 024 35 [ G 35 [ G F
HM10474 F10474
% [ G 30 [ GF
X
10244 18 HM100474 F100474
2% [ G, F 30 [GF
EcL i HM10470-1
5] G
HM10470 F10470
X 1
40961 8 %[ G 35| G F
HM100470 F100470
%[ G 35 [ G F
3. BIPOLAR PROM
Structure Total Bit | Organization | Number of Pin Output Hitachi Fairchild Texas
TBP24SA41
HN25044 93452
50 [ G 55 | G
4k 1024 % 4 18
TBP24S41
35 0 [ PG
HN25045 93453
50 | G 55 | G
0/C HN25084 TBP24SA81
TTL 2048 4 18 & | G s | P, G
25 HN25085 TBP24581
60 | G 45typ | P, G
0/c HN25088 93450 TBP28SA86
60 [ G 55 | G, F 60 [ P,G
8k
HN25089 93451 TBP28586
1024 X8 2
60 | G 55 | G F 60 | P,G
3-S
HN25168 93510
o/cC
/ 60 | G 55 [ G, F
HN25169 93511 TBP28S 166
16k 2048 %8 2
25 60 | G 55 | G, F 45typ | G
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Cross-reference

Intel Motorola MMI Signetics NEC Fujitsu Remarks
MB7076
25 [ C
MB7078
3] cC
Intel Motorola MMI Signetics NEC Fujitsu Remarks
MB7121H
356G
MB7121E
5| G
3605A-1
50 [ G
3605A-2 MCM7642 6352-1 N82S136 4PB406 MB7059
60 | G 0] G 60 | G 60 [ G 0 ]G 0]c
MB7122H
3% [ G
MB7122E
65| a
3625A-1
5 | G
3625A-2 MCM7643 6353-1 N83S137 1PB426 MB7054
60 | G 0[G 60 [ G 60 [ G n]G 0n]G
MCM7684 N82S184
80 [ G 100 | C
MCM7685 N82S188 MB7128E
[ G 100 [ C 55 | G
3608 MCM7680 6380-1 N825182 #PB408 MB7060
80 | G 0]G % | G 60 | G 8 | G 250 | G
3628A-1
5 | G
3628A MCM7681 6381-1 N825183 4PB428 MBT7132E
60 | G 0] G ]G 60 [ P, G 8 | G 55 | G
3628
. 80 ] G
3628-4 MB7055
100 [ G 250 | G
N825190
80 | C
3636-1 N825191 MB7138E
65 | G 80 | C 55 | G
3636
8 [ G
@ HITACHI 339



@ HITACHI

MUNCHEN

Hitachi Electronic Components
Europe GmbH
Hans-Pinsel-Stra3e 3

8013 Haar/b. Munchen

2 (089) 46 14-0

Telex: 5-22593

Telefax: (089) 46 31 51

PARIS

Hitachi Electronic Components
Europe GmbH

Bureau de Représentation en France
9, Boulevard Ney

F-75018 Paris

2 01-201 2500

Télex: 211835

Téléfax: 01-2007183

DUSSELDORF

Hitachi Electronic Components
Europe GmbH

Koénigsallee 6

4000 Dusseldorf

2 (0211) 84995

Telex: 8-584536

Telefax: (0211) 32 46 12

MAILAND

Hitachi Electronic Components
Europe GmbH

Via B. Davanzati, 27

1-20158 Milano

2 02-3763144

Telex: 320343

Telefax: 02-683730

STUTTGART

Hitachi Electronic Components
Europe GmbH

FabrikstraBe 17

7024 Filderstadt

2 (0711) 77 20 11

Telex: 7-255267

LONDON

Hitachi Electronic Components
(U.K.) Limited

Hitec House, 221-225 Station-Road
Harrow, Middlesex, HA1 2XL

2 01-8611414

Telex: 9 36 293

Telefax: 01-863 66 46



	01803099 1982 hita.tif
	01803100.tif
	01803101.tif
	01803102.tif
	01803103.tif
	01803104.tif
	01803105.tif
	01803106.tif
	01803107.tif
	01803108.tif
	01803109.tif
	01803110.tif
	01803111.tif
	01803112.tif
	01803113.tif
	01803114.tif
	01803115.tif
	01803116.tif
	01803117.tif
	01803118.tif
	01803119.tif
	01803120.tif
	01803121.tif
	01803122.tif
	01803123.tif
	01803124.tif
	01803125.tif
	01803126.tif
	01803127.tif
	01803128.tif
	01803129.tif
	01803130.tif
	01803131.tif
	01803132.tif
	01803133.tif
	01803134.tif
	01803135.tif
	01803136.tif
	01803137.tif
	01803138.tif
	01803139.tif
	01803140.tif
	01803141.tif
	01803142.tif
	01803143.tif
	01803144.tif
	01803145.tif
	01803146.tif
	01803147.tif
	01803148.tif
	01803149.tif
	01803150.tif
	01803151.tif
	01803152.tif
	01803153.tif
	01803154.tif
	01803155.tif
	01803156.tif
	01803157.tif
	01803158.tif
	01803159.tif
	01803160.tif
	01803161.tif
	01803162.tif
	01803163.tif
	01803164.tif
	01803165.tif
	01803166.tif
	01803167.tif
	01803168.tif
	01803169.tif
	01803170.tif
	01803171.tif
	01803172.tif
	01803173.tif
	01803174.tif
	01803175.tif
	01803176.tif
	01803177.tif
	01803178.tif
	01803179.tif
	01803180.tif
	01803181.tif
	01803182.tif
	01803183.tif
	01803184.tif
	01803185.tif
	01803186.tif
	01803187.tif
	01803188.tif
	01803189.tif
	01803190.tif
	01803191.tif
	01803192.tif
	01803193.tif
	01803194.tif
	01803195.tif
	01803196.tif
	01803197.tif
	01803198.tif
	01803199.tif
	01803200.tif
	01803201.tif
	01803202.tif
	01803203.tif
	01803204.tif
	01803205.tif
	01803206.tif
	01803207.tif
	01803208.tif
	01803209.tif
	01803210.tif
	01803211.tif
	01803212.tif
	01803213.tif
	01803214.tif
	01803215.tif
	01803216.tif
	01803217.tif
	01803218.tif
	01803219.tif
	01803220.tif
	01803221.tif
	01803222.tif
	01803223.tif
	01803224.tif
	01803225.tif
	01803226.tif
	01803227.tif
	01803228.tif
	01803229.tif
	01803230.tif
	01803231.tif
	01803232.tif
	01803233.tif
	01803234.tif
	01803235.tif
	01803236.tif
	01803237.tif
	01803238.tif
	01803239.tif
	01803240.tif
	01803241.tif
	01803242.tif
	01803243.tif
	01803244.tif
	01803245.tif
	01803246.tif
	01803247.tif
	01803248.tif
	01803249.tif
	01803250.tif
	01803251.tif
	01803252.tif
	01803253.tif
	01803254.tif
	01803255.tif
	01803256.tif
	01803257.tif
	01803258.tif
	01803259.tif
	01803260.tif
	01803261.tif
	01803262.tif
	01803263.tif
	01803264.tif
	01803265.tif
	01803266.tif
	01803267.tif
	01803268.tif
	01803269.tif
	01803270.tif
	01803271.tif
	01803272.tif
	01803273.tif
	01803274.tif
	01803275.tif
	01803276.tif
	01803277.tif
	01803278.tif
	01803279.tif
	01803280.tif
	01803281.tif
	01803282.tif
	01803283.tif
	01803284.tif
	01803285.tif
	01803286.tif
	01803287.tif
	01803288.tif
	01803289.tif
	01803290.tif
	01803291.tif
	01803292.tif
	01803293.tif
	01803294.tif
	01803295.tif
	01803296.tif
	01803297.tif
	01803298.tif
	01803299.tif
	01803300.tif
	01803301.tif
	01803302.tif
	01803303.tif
	01803304.tif
	01803305.tif
	01803306.tif
	01803307.tif
	01803308.tif
	01803309.tif
	01803310.tif
	01803311.tif
	01803312.tif
	01803313.tif
	01803314.tif
	01803315.tif
	01803316.tif
	01803317.tif
	01803318.tif
	01803319.tif
	01803320.tif
	01803321.tif
	01803322.tif
	01803323.tif
	01803324.tif
	01803325.tif
	01803326.tif
	01803327.tif
	01803328.tif
	01803329.tif
	01803330.tif
	01803331.tif
	01803332.tif
	01803333.tif
	01803334.tif
	01803335.tif
	01803336.tif
	01803337.tif
	01803338.tif
	01803339.tif
	01803340.tif
	01803341.tif
	01803342.tif
	01803343.tif
	01803344.tif
	01803345.tif
	01803346.tif
	01803347.tif
	01803348.tif
	01803349.tif
	01803350.tif
	01803351.tif
	01803352.tif
	01803353.tif
	01803354.tif
	01803355.tif
	01803356.tif
	01803357.tif
	01803358.tif
	01803359.tif
	01803360.tif
	01803361.tif
	01803362.tif
	01803363.tif
	01803364.tif
	01803365.tif
	01803366.tif
	01803367.tif
	01803368.tif
	01803369.tif
	01803370.tif
	01803371.tif
	01803372.tif
	01803373.tif
	01803374.tif
	01803375.tif
	01803376.tif
	01803377.tif
	01803378.tif
	01803379.tif
	01803380.tif
	01803381.tif
	01803382.tif
	01803383.tif
	01803384.tif
	01803385.tif
	01803386.tif
	01803387.tif
	01803388.tif
	01803389.tif
	01803390.tif
	01803391.tif
	01803392.tif
	01803393.tif
	01803394.tif
	01803395.tif
	01803396.tif
	01803397.tif
	01803398.tif
	01803399.tif
	01803400.tif
	01803401.tif
	01803402.tif
	01803403.tif
	01803404.tif
	01803405.tif
	01803406.tif
	01803407.tif
	01803408.tif
	01803409.tif
	01803410.tif
	01803411.tif
	01803412.tif
	01803413.tif
	01803414.tif
	01803415.tif
	01803416.tif
	01803417.tif
	01803418.tif
	01803419.tif
	01803420.tif
	01803421.tif
	01803422.tif
	01803423.tif
	01803424.tif
	01803425.tif
	01803426.tif
	01803427.tif
	01803428.tif
	01803429.tif
	01803430.tif
	01803431.tif
	01803432.tif
	01803433.tif
	01803434.tif
	01803435.tif
	01803436.tif
	01803437.tif
	01803438.tif

